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Plantago ovata, an important indigenous medicinal plant , 
was selected for studying its response to seven sowing dates, 
five seed rates and four levels each of nitrogen and phosphorus 
under field conditions. Effects of sowing date, seed rate and 
nitrogen and phosphorus doses on important growth, yield and 
quality parameters and nutrient composition of leaves were 
noted. It responded significantly to the applied nutrients. 
Sowing on 25 October and seeding at the rate of 7.5 kg/ha proved 
optimum. Among various fertility levels, nitrogen at NpQ and 
phosphorus at P..Q increased dry matter accumulation, NAR and RGR 
and other growth and yield attributes, including seed yield and 
improved seed quality (mainly Judged by hecto-litre weight, 
swelling factor and protein content). The quality parameters 
recorded were noted to be in accordance with the Indian 
Pharmaceutical Codex (1953) and the Indian Pharamcopoeia (1955). 
In the t r i a l on N and P requirements of Plantago ovata , 
the effect of combined ra ther than individual appl ica t ion of 
ni t rogen or phosphorus, was more pronounced. In a l l the three 
experiments on t h i s va r i e ty , cor re la t ion coeff ic ients ( r ) of 
seed yield with growth and yield parameters and NPK contents of 
leaves were found s igni f icant and pos i t i ve , confirming the known 
involvement of these a t t r i b u t e s in f ina l yield of seeds. Inverse 
re la t ionship of h e c t o - l i t r e weight with seed yield establ ished 
the contribution of heavier seeds (lower h e c t o - l i t r e weight) with 
high y ie ld . 
Three v a r i e t i e s of Cymbopogon, an important aromatic p lan t , 
namely C. flexuosus va r . OD-19, £ . pendulus var , RRL-16 and 
£, mar t in l i va r , motia, were a lso studied in response to selected 
NPK combinations (with ni trogen applied in two/three s p l i t s ) and 
to various spacings. The aim was to find out the most su i table 
NPK combination ( together with number of s p l i t s of N) and an 
ideal spacing for each of the three v a r i e t i e s on the bas is of 
crop performance, keeping growth a t t r i b u t e s , leaf NPK contents 
and yield and qua l i ty parameters as c r i t e r i a . 
In Experiments 4 and 6, f e r t i l i s e r dose of N<|QQ^^QQP^CKQQ 
proved s ign i f i can t ly superior over other combinations. Top 
dressing (two or three s p l i t s ) with nitrogen was found benef i c i a l . 
I t resulted in enhanced vegetat ive growth, maximum accumulation 
of N, P and K in leaves, herb yield and increased contents and 
yields of essen t ia l o i l and c i t r a l / g e r a n i o l , separate ly a t three 
cuts and on being pooled together . Varietal differences and 
treatment x variety Interactions were found significant in most 
of the cases. Variety _C, martinii exhibited best performance. 
Mostly, C, pendulus followed it. The third variety £, flexuosus 
produced relatively less yields of herb, oil and citral. Notably, 
at the highest level of NPK supply i.e. the control (N25QP55K^QQ)» 
a reduction in all these attributes was noted in each of the 
three varieties. A comparatively high requirement for NPK, is 
understandable by the fact that it is a long duration perennial 
herbage crop. This also explains the good results observed by 
splitting nitrogen. Among spacing trials (Experiments 5 and 7), 
50 X 50cm spacing provided ideal conditions for better growth 
and yield response. Both NPK combination and spacing had a 
profound effect on the concentration of leaf nutrients. Citral/ 
geraniol content was within the range specified by the Indian 
Standards Institution (ISI). 
Correlation studies revealed that almost all growth 
attributes and leaf N, P and K content contributed significantly 
to herb yield. In general, a positive association was recorded 
between essential oil yield and growth parameters, nutrient 
contents in leaves on one hand and, herb yield and oil content 
on the other, at each of the three cuts. Finally, citral/geraniol 
yield was found to be highly correlated with these parameters 
and with oil yield and citral/geraniol content. These observations 
were most conspicuous in _C. martinii, confirming its best over all 
comparative performance, among the three varieties. 
Lastly, it may be added that studies on these two plants 
have not been undertaken in such details elsewhere and many new 
findings have been recorded in the present thesis. 
Out of the data presented in this thesis, the following 
results may be claimed as new contributions to the knowledge of 
cultivation, growth, development, yield and/or quality of 
Plantago ovata and Cymbopogon spp. : 
I Plantago ovata ; 
1 . Isubgol showed excellent performance in the agro-climate of 
western U.P, 
2, Sowing the crop on 25 October, seeding at the rate of 7.5 kg/ha 
and applying 20 kg N/ha (N^Q) and 10 kg P/ha (P^Q), singly 
and in combination (N^Q X P-IQ), enhanced growth and yield 
parameters, seed quality, NAR, RGR and leaf-N, -P and -K 
content (leaf NPK) and proved optimum for the cultivation of 
this crop at Aligarh. 
3, Growth parameters, NAR, RGR, leaf NPK and yield parameters 
showed strong correlation with seed yield. 
4, The present study has considerable commercial importance for 
augmenting yield and quality of seeds of this important foreign 
exchange earner. 
II Cymbopogon spp. : 
5, The data of the four experiments on the three aromatic herbs 
confirmed the earlier report from our lab that the agro-
climate of Aligarh is well suited for the mass cultivation 
of C, flexuosus. In addition, it was established for the 
first time that C, pendulus and £. martinii surpassed it in 
the yields of herb, essential oil as well as citral/geraniol. 
6, On the basis of positive response of growth parameters, leaf 
NPK and yield and quality parameters, it was concluded that 
^100+100^^4*5^^ ^^^ ^^^ optimum fertiliser dose for successful 
and economical cultivation of the three varieties. Thus, 
top dressing with nitrogen proved beneficial, 
7, Spacing at 50 x 50cm was found to be optimum for better growth 
performance, accumulation of leaf NPK and herb, essential oil 
and citral/geraniol yields. Incidently, it also facilitated 
weeding. 
8, Like P. ovata, growth parameters and leaf NPK could be used 
for predicting final yields as they were found to be positively 
and significantly correlated with the yield and quality 
parameters of all three varieties of Cymbopogon. Such studies 
have been undertaken for the first time for these two crops. 
9, The results are so convincing that farmers of the region 
may be encouraged to take up cultivation of Plantago ovata 
and Cymbopogon on commercial lines. The latter has also 
been found to endure high degree of sodicity and salinity 
in the author's experiments not Included in this thesis. 
As western U.P, abounds in marginal and 'usar' lands and 
distilleries for menthol are abundant, this proposition is 
expected to be readily welcomed by farmers. 
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CHAPTER 1 
I N T R O D U C T I O N 
Introduction 
The Indian sub-continent, representing a wide range of 
climate and topography, has accumulated through the ages, a 
large number of popular remedies based on a variety of medicinal 
and aromatic plants. This applies equally to many other parts 
of the world, although folk medicines are being steadily replaced 
by synthetic preparations in the so-called advanced countries. 
The popularity of herbal djrugs, aroma chemicals and other plant 
synthates is based on their low cost, easy availability and proven 
efficacy on one hand and negligible side effect on the other. 
Herbal drugs constitute the most important source of 
therapeutic agents used in modem as well as traditional systems 
of medicine. According to recent surveys, even in the United 
States, more than 25% of the prescriptions currently used, 
contain a drug of plant origin as a major constitutent (Husain,1979 
1984). 
Because of its diversity of edaphic and climatic conditions, 
India provides ideal and varied habitats for medicinal plants. 
It is estimated that more than thi^e fourth of the plants, 
mentioned in various standard pharmacopoeia, are found growing in 
the natural state in our country, Infact, 'India is a veritable 
emporium of medicinal plants' (Sundaresh, 1977) with more than 
2,000 mostly wild vegetable drugs having been used in their crude 
forms for centuries (Ahmad and Srivastava, 1977), However, the 
collection of some of the sparsely distributed plants is becoming 
more and more expensive due to the increasing cost of labour and 
transportation. Many important drugs are getting depleted due to 
increasing urbanisation and deforestation cutting down supplies 
drastically which results in their replacement by cheap spurious 
substitutes (Jain, 1977; Shah, 1981). 
The situation can be remedied effectively by undertaking 
large scale scientific cultivation to ensure quality and purity. 
Exploratory field trials under various agro-climates are necessary 
for the successful economical cultivation of these plants, 
particularly when a plant is introduced into a new region. In 
view of these facts, fertiliser trials have been conducted at 
Aligarh during the last two decades on Anethum, Cassia, Cichorium, 
Datura, Foeniculum, Lallemantia, Linum, Nigella and Solanum. 
Encouraged by the results of these experiments, the present 
investigator decided to undertake detailed physio-agronomic studies 
on isubgol (Plantago ovata Forsk.)» a plant of considerable 
medicinal and industrial importance and a good foreign exchange 
earner for the country (see Section 2.4 pp. 20-21). 
The use of aromatic plants for their fragrance dates back 
to the beginning of civilisation. India, with more than 1,300 
types of aromatic plants, is considered to be one of their ancient 
homes. They have been used for centuries in religious and other 
ceremonies and more recently as medicine (Gupta and Pareek, 1981). 
According to a recent Yearbook of International Trade 
Statistics published by the United Nations, the total world 
export-import of essential oils and other natural perfumes is of 
the order of more than US p 900 million each (Sundaresh, 1982b). 
Of these, the oil of sandal-wood (Santalam), lemongrass and 
palmarosa (Cymbopogon) and their preparations constitute some 90% 
of the total export of such materials from India. It is to be 
noted with concern that in recent years Brazil, Cuba, Egypt, 
Guatemala, Indonesia and Sri Lanka together have surpassed the 
export figures of India (Gupta and Pareek, 1981), 
It is, therefore, important for our country, that, 
(i) the acreage under cultivation of aromatic plants should be 
increased by introducing them into new hospitable areas, and 
(ii) ways and means should be explored to enhance the productivity 
and quality of their essential oils by undertaking scientific 
field trials. 
It is heartening to note that in the case of Cymbopogon, 
the most important aromatic grass (see Section 2.5» pp. 35-^0), 
such attempts have proved successful at Aligarh (Varshney and 
Samiullah, 1982; Varshney, 1983; Varshney, et al_., 1983; 
Samiullah et al_., 1984 - £. flexuosus) and at other places 
(Atal and Bradu, 1976c,d; Ghosh and Chatterjee, 1976a,b; 
Nairetal^., 1976; Chatterjee and Ghosh, 1977; Nair et al^ .,1979; 
Prakasa Rao ejt al^ ,, 1985a - C, flexuosus; Atal and Bradu, 1976a,b; 
Singh et a^ .^, 1977; Nair e^ al_., 1979 - C. pendulus and Ghosh and 
Chatterjee, 1976a,b; ChatterJee and Ghosh, 1977; Hazarika and 
Bora, 1977; Samra et al_., 1977; Gupta et al_., 1978; Hazarika e_t a]^ , 
1978, 1981; Sharma et al_., 1980; Pareek e_t al_., 1981a; 
Singh e t al^., 1982; Prakasa Rao e t a l . , 1985b; Yadav e t a l . , 1985at-
£• fflartinii). 
I t i s noteworthy tha t these three v a r i e t i e s are important 
commercially. The o i l they yie ld and the cons t i tuents extracted 
from i t not only fetch mil l ions of rupees in the domestic market 
but are a lso a conspicuous source of foreign exchange for the 
country. I t i s no wonder tha t they have s t a r t ed catching the 
imagination of progressive farmers in non- t rad i t iona l areas where 
appropriate v a r i e t i e s are being cu l t iva ted on a lai^ge s ca l e . 
While going through the l i t e r a t u r e on the in t roduct ion, 
cu l t iva t ion and input requirements of Cymbopogon, the present 
author rea l i sed t h a t , as in the case of Plantago (Section 2 .4 ,2 , 
pp. 33-34), the ava i lab le information i s patchy, aoich remains 
to be explored (Section 2 , 5 . 5 , pp. 59-60) . I t was, therefore , 
decided to undertake three f i e l d t r i a l s on Plantago and four on 
Cymbopogon to standardise the farm prac t ices to be followed for 
optimising t h e i r yield and qual i ty under loca l condi t ions . The 
aims and objects of each of these experiments are summarised below. 
Plantago : As isubgol was being introduced for the f i r s t time 
into the area, i t was considered e s s e n t i a l to obtain basic 
agronomic information on sowing date and seed r a t e before 
undertaking the f ina l t r i a l on i t s f e r t i l i s e r requirements. The 
c r i t e r i a selected for judging the performance of isubgol were 
M^tetative aiv<i reproductive growth and leaf NPK contents a t 50, 
^ ^ t e r sowing and yield and quali ty a t harvest . Deta i ls 
of the parameters selected are given in Section 3.6, pp. 58-70. 
In brief, the aims and objects of the three trials on 
isubgol cultivation at Aligarh were : 
(1) to determine the best sowing date; 
(2) to work out the most economical seed rate; and, 
(3) to determine the optimum requirement of nitrogen and 
phosphorus. 
Cymbopogon: Considering the economics of production of lemongrass 
at Aligarh (Varshney, 1983), it was decided not only to change 
the date of transplantation from March/April (onset of summer) to 
August (monsoon) to reduce irrigations but also to save costly 
nitrogenous fertiliser by applying lesser quantity. It was also 
considered desirable to test the feasibility of compensating this 
reduction in the total nitrogen supply by its application in 
more than one split. Moreover, two new varieties (Jammu lemongrass 
and palmarosa) were also decided to be introduced for the first 
time into the region. The criteria selected for comparing the 
performance of the three varieties were herbage growth and yield, 
oil quality and leaf NPK contents at three harvests(cuts) viz. 
October, December and April of the following year. Details of 
the parameters are given in Section 3.7, pp. 74-76, 
The aims and objects of the four field trials undertaken 
were as follows; 
(a) to select the best spacing for the cultivation of C. flexuosus 
and £. pendulus; 
(b) to study the effect of three spacings and two NPK combinations 
on £, martinii; 
(c) to ascertain the best combined dose of NPK, applying nitrogen 
in two equal splits, for the cultivation of £, flexuosus, 
£. pendulus and £. martinii; and, 
(d) to compare the response of £, flexuosus, £. pendulus and 
£. martinii to the application of three selected NPK combinations, 
providing nitrogen either in two or three equal splits. 
The data were subjected to statistical analysis according 
to the design of each experiment. They were mostly found to be 
significant at P = 0.05 and are presented and discussed in this 
thesis in the light of available publications of other workers. 
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Review of literature 
2.1 Historical 
The history of Indian medicine dates back to the Rigveda, 
written between A,500 and 1,600 BoC., which mentions the use of 
medicinal plants for the first time. However, it is the Ayurveda 
(2,500 - 500 B.C.) that forms the foundation of the medical science 
in India. The traditional indigenous medicine made rapid progress 
in the days of Lord Buddha (b. 563 d. 483 B.C.) and his successors. 
During this period, hundreds of valuable drugs were collected and 
investigated systematically. Later, the Moguls brought with them 
their own advanced materia medica and their physicians were prepared 
to learn and adopt the local folklore medicine. These rulers also 
patronised the flourishing perfumery industry of the country. With 
the advent of British rule, the western Allopathic system was 
introduced in the country and this also adopted a number of 
efficacious indigenous drugs (Chopra e^ al^ ., 1958; Kirtikar and 
Basu, 1975; Nadkarni, 1976; Atal and Kapur, 1977, 198a ). 
With the advance in knowledge, many of these plants have 
been subjected to thorough phytochemical and pharmacological 
investigations using whole drugs as well as their isolated active 
principles (Chopra ejb al., 1958; Kirtikar and Basu, 1975; Nadkarni, 
1976; Ahmad and Srivastava, 1977; Sundaresh, 1982a; Anonymous,1984a). 
Because of the concerted research and development (R&D) activities 
during the last 30 years, India has developed a fast growing drug 
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industry with an annual turn-over of more than 1,250 million 
rupees (US | 142 million) in 1977-78 (Husain, 1979) and has 
acquired the distinction of being listed as one of the major 
exporters of many of these drugs and phytochemicals (Sundaresh, 
1982a,b). 
2.2 Cultivation of medicinal and aroaatic plants 
A survey of available literature indicates that the 
cultivation of medicinal and aromatic plants was taken up by the 
government as well as pharmaceutical concerns in many of the 
industrialised western countries in the beginning of the present 
century. In the United States, for example, the Plant Introduction 
Sei-vice was organised in 1903. Such organisations were started 
later in Belgium, France, Gennany, Holland and the Soviet Union. 
They are still doing very useful work. Exotic plants from time to 
time are introduced and propagated after cai^ful scientific 
scrutiny in these countries. Similarly, useful plants are brought 
under scientific cultivation so as to ensure adequate supplies of 
crude vegetable drugs and essential oils of standard quality to 
the pharmaceutical, perfumery and allied industries (Chopra e_t al., 
1962). In India, methodical study of drugs was taken up in the 
early part of the 18th century (Chopra e_t al_., 1958; Atal and 
Kapur, 1977), although admittedly, these studies were confined to 
the collection of available literature on indigenous medicine 
and of information about their use as household remedies, A 
general survey of medicinal plants growing in different parts of 
the country was undertaken only in the beginning of present century, 
with chemical analysis of a preliminary nature being carried out 
in a few cases; but detailed research on their pharmacognosy and 
pharmacology, which needed well-equipped laboratories and trained 
personnel, could be undertaken much later (Chopra et^  al_., 1958), 
On gaining independence, it was realised that the country 
was not self-sufficient in many pharmaceutical products, drugs and 
aroma chemicals and, that millions of dollars were being spent 
every year on their import to meet the growing demand of the fast 
expanding pharmaceutical industry. The constraints on the indigenous 
supply were also diagnosed. Some of these were unscrupulous 
destruction by greedy collectors leading even to extinction of some 
of these plants in their natural habitat, sparse distribution, 
difficulties in transportation, ignorance in identification of the 
genuine drugs and increasing cost of labour. A typical example of 
wanton destruction is that of belladonna, 60-75 metric tons of 
which used to be collected annually from its naturally occurring 
population in the forests of Jammu and Kashmir (J&K State). This 
had come down to only 18-20 metric tons in the early seventies of 
the present century because of excessive collection (Chopra et al., 
1962; Ahmad and Srivastava, 1977). 
In view of these and other observations, the Pharmaceutical 
Enquiry Committee, constituted by the Government of India in 1955, 
recommended in its report that the Government should take immediate 
steps to encourage the cultivation of these plants in a scientific 
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manner and should sponsor agencies for their proper collection, 
storage and marketing and, that adequate grants be made available 
for achieving this task both by the Central and State governments. 
The report also recommended that steps should be taken to improve 
the methods of cultivation of these plants so as to augment the 
contents of their active principles (Chopra et^  al^ ., 1962). 
It is gratifying to note that both the Government and the 
Industry implemented the recommendations seriously. The Government 
of India, under the auspices of the Ministry of Health and Family 
Planning, constituted the Central Council for Research in Indian 
Medicine and Homeopathy (C.C.R.I.M.H.) in 1969, which was later 
divided into the Central Council for Research in Unani Medicine 
(C.C.R.U.M.), the Central Council for Research in Ayurveda and 
Siddha (C.C.R.A.So), the Central Council for Research in Yoga and 
Naturopathy (C.C.R,Y.N,) and the Central Council for Research in 
Homeopathy (C.CR.H,) in 1978, These Councils finance a number of 
All India and Regional Institutes and Research Units. The Council 
of Scientific and Industrial Research (C.S.I.R,) of the Govemiment 
of India had earlier started a chain of Central and Regional 
research laboratories and units in various parts of the country, 
some of which undertook research exclusively on drugs like the 
Central Drug Research Institute (C.D.R.I.) at Lucknow, the Regional 
Research Laboratories (R.R.Ls.) at Bhubaneswar, Jammu-Tawi,Jorhat 
etc. and the Drug Cultivation Unit of the National Botanical 
Research Institute (N.B,R,I.) at Lucknow. More recently, the 
establishment of the research oriented Central Institute of 
Medicinal and Aromatic Plants (C.I.M.A.P.) to replace the old 
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Central Indian Medicinal Plants Organisation (C.I.M.P.O,). may be 
cited as an example of the Government's praiseworthy intentions. 
The Indian Council of Agricultural Research (I.CA.R,) also 
patronised an All India Coordinated Improvement Project on 
Medicinal and Aromatic Plants, with stations in various parts of 
the country. The National Bureau of Plant Genetic Resources 
(N.B.P.G.R.)» New Delhi, is making every effort to collect and 
preserve the genetic pool of these plants, particularly of their 
endangered varieties. The Institute of History of Medicine and 
Medical Research (I.H.M.M.Ro) at New Delhi, founded with the same 
motives, provides an example of the participation of industry. 
The Lemongrass Research Station (L,R,S.), established at Odakkali 
by the Kerala Government, indicates the interest shown by a State 
Goveniment in this enterprise. The private sector industries have 
also started their own R&D activities and many enlightened 
pharmaceutical and toiletry concerns maintain well-equipped drug 
research wings mainly in their own commercial interest. 
Side by side, cultivation of medicinal and aromatic plants 
on scientific lines has also attracted the attention of several 
groups of research workers. However, a great deal still remains to 
be done. Even basic data on the scale at which different medicinal 
and aromatic plants should be cultivated to meet the requirements 
of the industry, so as to make it self-sufficient, are not available 
This also applies to information about varieties of these plants 
suitable for being introduced in the natural habitats, or for 
being cultivated, in new agro-climatic regions. Once these lacunae 
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are removed, it would be a routine matter for the extension workers 
to motivate and guide the local farmers-with regard to the methods 
to be followed for their successful and profitable cultivation. 
To achieve the goal of self-sufficiency in herbal drugs and aroma 
chemicals, it is imperative to: 
(1) standardise the fann practices and other measures to be 
undertaken for cultivating them in various edaphic, 
altitudinal and climatic conditions; 
(2) introduce new and exotic varieties and propagate them under 
suitable agro-climatic conditions; 
(3) increase the content of the active principles in medicinal 
plants and essential oils and their main constituents in 
aromatic plants; 
(4) improve the quality and optimise the productivity of these 
plants; 
(5) study their diseases and pests and to formulate proper 
control measures; 
(6) produce good quality seeds and progenies through selection, 
hybridisation and other modern methodsj and, 
(7) determine the optimum conditions for collection and storage. 
2.3 Plant nutrition 
2.3.1 Inorganic plant nutrition 
The term mineral nutrition can be defined as a series of 
processes through which the mineral elements, required for plant 
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growth and development, are absorbed from the s o i l and metabolised 
inside the p lant body. 
2 .3 .2 History 
The practice of application of organic manures, like farm 
yard manure, bone meal, wood ash, plant debris and compost to crops 
for increased productivity, is supposed to be as old as agriculture 
itself. The concept of plant nutrition can be traced back to the 
Greeks, when Aristotle (b. 384 d. 323 B.C.) recognised that the 
activities of all living-beings depended on their nutritive function, 
Among the Romans, Cato (b. 234 d, 149 B.C.) opined that 
application of manures is essential for plant growth (Bould, 1953). 
Although, the usefulness of organic matter in maintaining the 
texture and other properties of the soil is recognised even today, 
these concepts developed into the so-called 'Humus Theory' that 
retarded further progress for centuries. 
Realisation of the importance of inorganic nutrients for 
plants had to await proper advancement of inorganic chemistry in 
the 17th and 18th centuries. Before that, extensive literature on 
various aspects of the art of agriculture was available in Roman 
times. This was collected and condensed into one volume about the 
year 1240 A.D, by Crescentius, whose treatise was considered the 
best book on agriculture for several generations (Russell, 1950). 
The Idiota, De Staticis Experimentis, written in 1450 by Nicholas 
de Cusa (b, 1401 d. 1454 A.D.) has been claimed to be the 
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fore-runner of Van Helmont's famous quantitative nutritional 
experiment (Krikorian and Steward, 1965). The name of Palissy 
(15 63) is notable among the Romans as he emphasised the importance 
of the application of plant ash, in addition to cow dung, for 
successful crop production. Van Helmont in 1600 tried to study, 
in his 'Willow Twig Experiment', the source of materials that 
constituted the plant body. His pioneering efforts were followed 
by the works of Glauber in I656, Woodward in 1699, Tull in 1731 
and Home in 1757. The exact role of soil in plant nutrition was 
established by de Saussure (1804), who emphasised a close relation 
between the minerals found in the soil and the plants that thrived 
on it and attributed a possible role of some of these mineral 
elements in the growth and development of plants. He was of the 
view that the composition of plants varied with the soil types. 
The findings of de Saussure were not given the attention, they 
deserved until Sprengel (1839), Boussingault (1856) and Lawes et al, 
(I86I) laid the foundations of modem experimental methods in crop 
nutrition based on his fundamental findings (c.f, Bould, 1963). 
Their studies included fertiliser amendments applied to the soil 
for balanced nutrition of crops. Similar views were expressed by 
Liebig (1840), who further elaborated and confirmed these landings, 
Sachs in I860 and Knop in I86I preferred supplying the inorganic 
nutrients in the form of balanced solution and developed the 
technique now referred to as 'Water or Solution Culture', In 
brief, during the later half of the 19th century, not only the 
essentiality of the so-called macro-nutrients was established but 
also the large scale application of inorganic fertilisers, 
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particularly those containing nitrogen, phosphorus and potassium, 
was accepted as an advanced agricultural practice for obtaining 
higher yields (Bould, 1963). 
2,3.3 Physiological role of nitrogen, phosphorus and potassium 
in plant nutrition 
Mineral nutrients are necessary for the functioning of 
living cells through the generation of energy, regulation of 
metabolic processes and the physical organisation of plants 
(Nason and McElroy, 1963). Among these, nitrogen, phosphorus and 
potassium are considered of primary importance in agriculture as 
they are removed in large quantities by each crop and are, therefore, 
considered in some detail in the following pages. 
2.3.3.1 Nitrogen 
Nitrogen is the fourth most abundant element in the plant 
body, following carbon, hydrogen and oxygen. It is a constituent 
of all proteins and, hence, of protoplasm itself. It, thus, plays 
a key role in the structure, growth and metabolism of the plant 
(McKee, 1962), The other metabolically active nitrogenous 
compounds include amino acids, nucleotides, co-enzymes, purines, 
pyrimidines, chlorophylls, vitamins, porphyrins, alkaloids and 
some growth hormones (Devlin and Witham, 1986; Salisbury and Ross, 
1986). Of these, purines and pyrimidines are the basic units for 
the synthesis of nucleic acids which, in turn, are essential for 
protein and enzyme synthesis. The porphyrin structure is associated 
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with such metabolically important compounds as chlorophylls and 
cytochromes. Being a component of these important biological 
molecules, nitrogen plays vital roles in almost all metabolic 
processes in one way or the other (Nason and McElroy, 1963). 
Nitrogen deficiency in plants causes the leaves to become 
pale green, often with high concentration of anthocyanins. The 
overall growth of the plant and setting of flowers and fruits are 
retarded as nitrogen deficiency results in a decrease in protein 
synthesis and leads to limited cell division and cell expansion 
(Russell, 1950; Hewitt, 1963). 
Excess of nitrogen stimulates vegetative growth, delays 
maturity, increases the proportion of straw to grain and generally 
induces lodging and susceptibility to diseases. In normal 
quantities, it imparts green colour to plants but its excess 
produces leathery, succulent and dark gr«en leaves (Hewitt, 1963; 
Gauch, 1972). 
2.3.3.2 Phosphorus 
Like ni t rogen, phosphorus occupies a key pos i t ion in the 
s t ruc ture of several e s sen t i a l metabol i tes , such as sugar 
phosphates, nucleic ac ids , nucleo-proteins , co-enzymes, phytin 
and phospholipids (Gauch, 1972; Devlin and Witham, 1986; 
Salisbury and Ross, 1986). Phospholipids are d i r ec t l y involved in 
the construction of c e l l membranes; nucleic acids and nucleo-proteins 
cons t i t u t e heredi tary materials and phytin ac t s as a reservoi r 
for inorganic phosphorus during the germination process . As a 
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constituent of co-enzymes including ATP, NAD, NADP,FAD and TPP, 
phosphorus participates in a number of metabolic reactions 
(Devlin and Witham, 1985; Salisbury and Ross, 1986). It plays a 
key role in the transfer of energy in respiration, photosynthesis 
and other important phenomena. Infact, 'it is involved practically 
in every synthetic reaction of the cell' (Hewitt, 1963). 
Phosphorus provides vigour to the plant, increases 
resistance to diseases and helps in strengthening the stems, 
particularly in cereals and grasses. It promotes the proliferation 
of new cells and development of roots, tillers and leaves. It 
hastens emergence of flowers and maturity and ripening of seeds 
and fruits. 
The deficiency of phosphorus in plants causes retardation 
of growth and change in the colour of leaves, which become pale 
green. Increased anthocyanin synthesis londer phosphorus deficiency 
accounts for purple colouration of stem and leaf and abnormal 
increase in sugar content mainly due to non-utilisation of carbon 
skeletons in protein synthesis which is drastically reduced 
(Russell, 1950; Bould, 1963; Hewitt, 1963; Devlin and Witham, 1986). 
It may be added that certain soil conditions stimulate 
phosphorus uptake to such an extent that it accumulates in toxic 
concentrations in the leaves (Cerda ejt al_., 1977). In soybean, 
clear varietal differences have been noted by Grattan and Mass (1984 
with regard to tolerance of such induced phosphorus toxicity. The 
build up of toxic concentrations of phosphorus has been found to 
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be due to enhanced r a t e s of uptake and t ranspor t r a the r than 
depression of growth (Roberts e_t al^,, 1984), Excess of phosphorus 
over the optimum requirement leads even to a decrease in crop 
y ie lds under ce r ta in other edaphic condi t ions . This could be 
a t t r i b u t e d to the hastening of maturation processes and consequent 
reduction in vegetat ive growth (Russel l , 1950). At biochemical 
l e v e l , high phosphate concentrations in chloroplas t stroma deplete 
glyceraldehyde 3--phosphate and dihydroxyacetone phosphate, two of 
the ear ly products of carbon dioxide f ixat ion tha t l a t e r ac t as 
the subs t ra tes for s tarch syn thes i s . This means tha t i nd i r ec t ly 
phosphate i n h i b i t s t o t a l COp-fixation when supplied in excess 
(Heldt et^ a l . , 1977; Marschner, 1986); hence the observed decrease 
in f ina l crop y ie ld , 
2 .3 .3 .3 Potassium 
Potassium is abundantly present in soluble form in cytoplasm 
and vacuolar sap in all plants. It is not involved in plant 
structure and is not a constituent of any molecule inside the cell. 
Its function is partly biophysical in maintaining turgor pressure 
of the cell through osmoregulation and ionic flux and partly 
biochemical, being an activator for about 50 enzymes (Nason and 
McElroy, 1963; Evans and Sorger, 1966; Mengel and Kirkby, 1980). 
It has been reported that the potassium ions, alongwith magnesium, 
are required to activate the enzymes responsible for the synthesis 
of peptide bonds, such as the formation of glutathione and thus 
enhance the incorporation of amino acids into proteins 
(Webster, 1959). In addition, potassium has been claimed to be 
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necessary for translocation of solutes in sugarcane plant 
(Hartt, 1969). It is involved in the opening and closing of 
stomata (Raschke, 1975, 1979; Beringer, 1982; Willmer, 1983). 
Water-use efficiency of plants increases in the presence of 
potassium, thereby, suggesting its possible ameliorating role 
under water stress and drought conditions (Brag, 1972; Beringer 
and Trolldenier, 1978), It also enhances the ability of plant to 
resist diseases and pests, cold and other adverse conditions and 
increases the resistance of grasses to lodging (Evans and 
Sorger, 1966). According to Marschner (1983), potassium helps 
nodulation in legumes and thus plays an important role in 
di-nitrogen fixation. 
The deficiency of potassium results in shortening of 
intemodes in grasses, linseed, mustard and potato. It leads to 
the rosette habit in vegetable crops, probably due to suppressed 
apical dominance (Hewitt, 1963). Other changes in potassium 
deficient plants include marginal scorching in leaves that extends 
to intervenal regions and finally to whole lamina, particularly 
in plants like, apple, beet, broad bean and cocoa. Owing to its 
high mobility, such sjnnptoms appear first on the lower leaves 
(Hambidge, 1941; Wallace, 1961; Hewitt, 1963). Its deficiency 
disturbs carbohydrate and nitrogen metabolism, photosynthesis and 
respiration and causes soluble organic nitrogenous compounds to 
accumulate (Nason and McElroy, 1963). Like nitrogen and phosphorus, 
potassium Is involved in most of the vital activities of plants. 
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2.A Plantago 
Plantago ovata Forsk. (psyllium), popularly known as 
isubgol, belongs to the family Plantaginaceae. The genus includes 
herbs or under-shrubs distributed mostly in temperate regions, with 
a few species growing in the tropics. Ten species are recorded 
from India. Of these, Plantago ovata is indigenous to the 
Mediterranean region and western Asia and extends upto the SutleJ 
and the Sind in Pakistan (Anonymous, 1969). In India, it is 
cultivated on commercial scale in Banaskantha, Mehsana and Palanpur 
districts of northern Gujarat, and to a smaller extent in the 
districts of Patiala in Punjab, Hisar and Rewari in Haryana and 
Sirohi, Pali and Jalore in Rajasthan (Modi et^  al., 1974; 
Virmanl et al^ ., 1980; Gupta, 1982; Singh and Virmani, 1982; 
Kalyanasundaram et^  al., 1984)o Outside India, it is cultivated on 
a limited scale in some areas of Pakistan. In the Indian sub-
continent, isubgol is grown as a short duration 'rabi' (winter) 
crop and needs cool and dry climate during most of its growing 
period. It is a hardy crop and can thrive on light, well drained 
and sandy loam to loamy soils. 
Isubgol is important for its seeds and husk. They are 
emollient, cooling, diuretic, demulcent and laxative and are used 
in the treatment of chronic constipation, amoebic and bacilliary 
dysentery and diarrhoea. The seeds are also recommended in problems 
of kidney and urinary bladder. A decoction of seeds is often 
prescribed in cough and cold and the poultice of crushed seeds is 
applied to rheumatic swellings. The mucilage obtained from seeds is 
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used in cosmetics and as a basic s t a b i l i s e r in ice-cream industry . 
The mucilage from husk i s a good binding agent for the preparat ion 
of granules in the manufacture of compressed t a b l e t s . The seed 
kernels often designated as 'Gola ' , mixed with guar 
(Cyamopsls tetragonoloba L.) are used as c a t t l e feed (Chopra ejb a l . . 
1956, 1958; Dastur, 1962; Mithal and Bhutiani, 1967, 1969; 
Anonymous, 1969, 1976a; Modi et_ al_., 1974; Ki r t ikar and Basu, 1975; 
Nadkami, 1976; Desai et^ al^., 1980; Virmani e;t al_., 1980; 
Gupta, 1982; Singh and Virmani, 1982; Kalyanasundaram e_t al_., 1984). 
India holds a monopoly in the production and trade of 
isubgol in the world market. According to the l a t e s t avai lable 
authent ic data, isubgol seeds and husk together fetched 98 mill ion 
rupees (US $ 11,5 mil l ion) in foi^eign exchange in 1978-79 
(Virmani et. a^. , 1980; Shah, 1981; Gupta, 1982; Sundaresh, 1982a), 
2 ,4 .1 Plantago cu l t i va t ion 
As pointed out in Chapter 1, for the successful cu l t iva t ion 
of a crop, knowledge of i t s precise response to d i f ferent 
environmental fac tors i s a p r e - r e q u i s i t e , Among these , sowing 
da te , seed r a t e , nu t r i en t s t a tus of the so i l and the amount, 
method and stage of f e r t i l i s e r appl ica t ion are important determining 
factors and should be worked out for achieving optimum yields of 
desired qua l i ty . Naturally, these aspects are of primary i n t e r e s t 
to the present reviewer. However, information on the cu l tu ra l 
requirements of drug yielding p lan ts i s meagre and of recent 
or ig in (Atal and Kapur, 1977). For reasons best known to themselves, 
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many authors do not even publish the soil nutrient status or 
fertiliser dose applied in experiments on aspects other than 
nutrient requirement. Literature on isubgol is relatively more 
scarce and incomplete than on some other common medicinal plants 
as is revealed by the limited number of papers by Indian (and 
Pakistani) workers reviewed critically in the pages that follow. 
It may be added that various units in these publications have 
been converted into the S.I. units for the sake of convenience in 
comparison. 
Vachhani (19^3) made an attempt to grow isubgol in Sind 
Province (now in Pakistan) and mentioned that it needed to be 
sown by the middle of November, Accroding to him, the seeds should 
be broadcast or drilled in lines 30 cm apart at the rate of 11 to 
13 kg/ha and be properly covered with soil. He obtained a seed 
yield varying from 504 to 840 kg/ha. The author, however, did 
not mention the fertiliser requirement of the crop, 
Singh et^  al_, (1955) conducted an experiment with a view to 
determine the optimum spacing, seed rate and sowing time of isubgol 
at Lucknow (Uttar Pradesh), The treatment combinations included 
two sowing dates, namely 'early' (October 15) and 'late' (November 1) 
sowings, two seed rates viz. 7 and 11 kg/ha and three methods of 
sowing, namely broadcasting and in rows 23 and 46 cm apart. The 
data revealed that only the time of sowing had significant effect 
on the yield. 15 October sowing gave an average production of 
470,5 kg/ha compared to that on 1 November in which only 345.9 kg/ha 
seeds were produced. Inspite of most of their data being 
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non-s igni f icant , they went on to suggest tha t a seed ra te of 
7 kg/ha with 23 cm spacing was advantageous for obtaining higher 
re turns i f the crop was sown on 15 October. I t i s a l so strange 
t h a t although t h i s experiment was planned to determine the optimum 
cu l t u r a l p rac t ices of the crop, the authors f a i l ed to record the 
amount of f e r t i l i s e r s added and the nu t r i en t s t a tus and other 
d e t a i l s of the s o i l . 
Joshi and Tahi l iani (1956) reported t h a t , for cu l t iva t ion 
of t h i s crop in northern Gujarat, usually no manure was given and 
sowing s t a r t ed from the end of October and continued upto 
mid-December, 
Khan (1957), while t rying to cu l t iva te isubgol in the p la ins 
of Pakistan, observed tha t general ly no f e r t i l i s e r was added but 
in case of def ic ient s o i l s , 30-40 car t loads of well ro t t en farm 
yard manure was preferred to apply to each hectare of land. The 
crop could be sown prof i tab ly from mid-October to mid-November and 
harvested in March to Apr i l , The average seed yie ld was reported 
to be 553.5 kg/ha. 
In a preliminary t r i a l a t Lucknow (Uttar Pradesh), Chandra 
(1967) studied the performance of four d i f ferent cu l tures of 
isubgol, two from Gujarat and one each from Punjab and U.P, Seeds 
were sown on 4 November in rows 23 cm apar t and a t the ra te of 
7.4 kg/ha. The quant i ty of f e r t i l i s e r s applied i s not mentioned. 
The experiment was planned s t a t i s t i c a l l y but the data on root 
length, spike number, culm number, seed yield and swelling factor 
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were not analysed properly. Even the values for swelling factor 
are outside those approved by the Indian Pharmacopoeia. 
None-the-less, the author concluded that one of the Gujarat 
cultures was superior in performance over the others. 
Kanitkar and Pendse (1967) conducted a field trial at Pune 
(Maharashtra) to compare the yield and quality performance of 
four cultures, obtained from major centres of isubgol cultivation 
in Gujarat, sown in lines or by broadcast method. The authors 
did not mention the use of fertilisers but admit that sowing was 
done very late (third week of January) and that the data were 
non-significant. 
I)rengar e;t al. (1968) claimed to have conducted the first 
fertiliser trial on isubgol again at Pune (Maharashtra) coupled 
with three sowing dates and three methods of sowing. Fifteen 
treatments of 5 nitrogen combinations viz. N, NP, NPK and no 
nitrogen (NQ) were selected for the study. The dates of sowing 
were 8 December, 25 December and 10 January, A basal dose of 
25 cartloads of farm yard manure per hectare was applied before 
sowing. Nitrogen was applied at 100 kg N/ha as ammonium sulphate, 
phosphorus at 22 kg P/ha as superphosphate and potassium at 
83 kg K/ha as potassium sulphate. The differences in yield on 
account of the time of sowing were noted to be significant, 
8 December sowing resulted in highest yield. There was a distinct 
decrease in yield with delay in sowing the crop. The effects due 
to various fertiliser treatments were not found significant. The 
paper did not record soil analysis and design of the experiment. 
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Joshi et aJ. (1968) condticted field trials on the hilly-
slopes of Ranikhet (Uttar Pradesh) to determine the fertiliser 
requirements of isubgol. Four doses of nitrogen supplied as 
ammonium sulphate viz. 23, 58, 104 and 162 kg N/ha applied in two 
splits and six of phosphorus applied in the form of superphosphate 
viz. 9, 17, 26, 35, 43 and 52 kg P/ha applied at sowing, were 
selected for the study. Maximum length and spread of the plant 
and number of spikes were recorded with 104 and 162 kg N/ha and 
43 and 52 kg P/ha respectively. The fertiliser doses of 58 kg N/ha 
and 35 kg P/ha resulted in maximum seed production i.e. 38 and 
39% respectively more seeds compared to the control (14 metric tons 
farm yard manure/ha). The physical properties of seeds including 
100 seed weight, ash and moisture content and swelling coefficient, 
which were comparable to the standards of Indian Pharmaceutical 
Codex, remained unaffected by the application of fertilisers. The 
design of the experiment was not given and the results obtained 
were not analysed statistically. 
According to 'Wealth of India' (Anonymous, 1969), isubgol 
need not be fertilised with chemical manures, only 30-35 cartloads 
of well rotten farm yard manure per hectare being considered 
sufficient for good yield. Sowing could be done at the end of 
October in some parts, continuing upto mid-December in others, 
with seed rate varying from 6-13 kg/ha. It has been mentioned 
that better yields could be ensured by sowing the seeds in the 
middle of October in rows 22.5 cm apart with a seed rate of 
7 kg/ha. The yield of seed could vary from 500-1,100 kg/ha. 
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Joshi et al^ .,(1970) conducted an experiment to explore the 
possibility of obtaining more than one isubgol crop in a year with 
a view to increase its production in the Ranikhet district of 
Uttar Pradesh. Seeds were sown in experimental plots mixed with 
farm yard manure (average nitrogen 0.5896), It was concluded that 
sowing should be planned to eliminate the monsoon period from 
coinciding with the maturity of the seeds as it led to heavy 
attack of Altemaria sp. in the spikes and resulted in deterioration 
of quality and reduction in yield. The data on the period of 
maturity, number of plants and spikes per sq m, length of matured 
spikes, seed yield per sq m and swelling factor suggested that 
the crop sown in the first week of November and harvested in the 
third week of April gave maximum values for these parameters, 
followed by July sowing and December harvest, March sown crop 
had to face monsoon period, thereby giving the lowest values for 
these parameters. The data were not analysed statistically, 
Sirohi ejt al_, (1970), while reviewing isubgol cultivation 
in Punjab, noted that the optimum sowing time for isubgol was from 
the last week of October (25 October) to first week of November 
(5 November), Sowing the crop earlier resulted in poor germination 
and consequent thinner population, while late sown crop showed 
immature drying and shedding of seeds due to high temperature at 
harvest. The crop, when sown in rows, required less seeds 
(5.0 kg/ha) compared to broadcasting where the seed rate was to be 
kept between 7.5 and 10,0 kg/ha. Sowing in rows also facilitated 
weeding and other inter-cultural operations. In Punjab, 
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37.5-50 kg N/ha applied in two s p l i t s ( f i r s t half a t sowing and 
the remaining, before flower I n i t i a t i o n ) , 11 kg P and 10.5 kg K/ha 
gave the best y ie ld . Application of f e r t i l i s e r s not only Increased 
crop yie ld but the produce obtained was of be t t e r qua l i t y . The 
e f fec t of potash was noted to be non-s lgn l f lean t . 
Modi e^ al^. (1974) were of the view tha t Isubgol was a 
non-exhaustive crop and I t s nu t r i en t requirement under North 
Gujarat conditions was low. In a l l , 50 kg N and 11 kg P/ha was 
given to the crop. Increase In yie ld due to higher appl ica t ion 
of ni trogen a t Pllwal (North Gujarat) was not cons i s t en t . The 
f i r s t 25 kg N was applied along with 11 kg P/ha a t the time of 
sowing; the remaining nitrogen was top dressed a f t e r one month 
along with t h i rd I r r i g a t i o n . Between 7 and 8 kg of seeds were 
required per hec ta re . Sowing s t a r t ed from ear ly November and 
continued upto mid-December, 
Mehta e_t a l . (1976) studied the ef fec t of seed r a t e , sowing 
time and method of sowing on the yield of Isubgol In Mehsana 
d i s t r i c t of Gujarat . Out of five sowing dates v i z . 16 October, 
30 October, 1A November, 29 November and 14 December; 14 November 
sowing s ign i f i can t ly out-yielded the other dates with a seed 
production of 1,013 kg/ha. The value was noted to be a t par with 
t ha t for 29 November sowing. The crop stand was poor under ear ly 
sowing, while l a t e sowing delayed maturity and. In both cases, 
y ie ld was adversely affected, A seed r a t e of 7.5 kg/ha and 
broadcasting proved super ior . In te rac t ion effect of 29 November 
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sowing X 7.5 kg/ha seed ra te gave the highest seed yield of 1,114 
kg/ha. The authors did not mention the dose of f e r t i l i s e r 
applied to the crop. 
Pendse e t a l . (1976) performed a sowing date cum raanurial 
t r i a l to study the yie ld and qua l i ty of isubgol seeds a t Pune 
(Maharashtra). There were 15 treatments consist ing of three sowing 
dates i . e . 8 December, 25 December and 10 January and five 
f e r t i l i s e r combinations, namely N, MP, NK, NPK and no f e r t i l i s e r . 
Nitrogen was given a t 100 kg N/ha in the fonn of ammonium sulphate, 
phosphorus a t 22 kg P/ha as superphosphate and potassium a t 
83 kg K/ha as potassium sulphate . The seed ra te was kept uniform 
(7.5 kg/ha) . The r e s u l t s indicated tha t ea r ly sowing (8 December) 
produced the highest seed yield of 1,222 kg/ha, while the l a s t 
sowing produced only 470 kg seeds/ha. In view of the observed 
tendency of increase in yield in e a r l i e r sowings, i t was suggested 
tha t s t i l l e a r l i e r sowing dates should be t r i e d before deciding 
the optimum time for sowing the crop. The differences due to 
various f e r t i l i s e r treatments were not found to be s ign i f i can t . 
The authors f e l t t h a t the lack of response to the added f e r t i l i s e r s 
might be due to a basal dose of 19 metric tons of farm yard 
manure/ha applied a t the time of sowing, which would have supplied 
suf f ic ien t n u t r i e n t s . In another experiment, run simultaneously 
to study the ef fec t of method of sowing and source of seed, they 
kept the seed ra te (7.5 kg/ha) and f e r t i l i s e r dose (50 kg N, 
11 kg P and 41.5 kg K/ha) uniform. They noted tha t the effect of 
both (method of sowing and source of seed) on seed yield was 
non-s igni f icant . The differences in the seed qual i ty v i z . swelling 
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factor, 100 seed weight, foreign organic matter, ash and moisture 
content and seed protein content, due to treatments were also 
found to be non-significant. Although the results have been 
discussed in detail, it is felt that farm yard manure applied 
should have been analysed for its N, P and K contents. 
Bajpai e_t al_. (1978) studied the effect of four sowing dates 
(15 October, 30 October, 14 November and 30 December) and five 
nitrogen levels (NQ, N , N , N^ and N^) on the yield parameters 
of isubgol at Udaipur (Rajasthan). The effect due to sowing date 
was significant for spike number, seed and straw yields and 
nitrogen uptake. The effect of nitrogen levels was also significant 
on these parameters, with the exception of spike number. Sowing 
on 15 October proved best for seed yield (as well as other 
parameters studied) which was highest in the 15 kg N/ha treatment 
and decreased gradually as the nitrogen level was increased. But 
the straw yield kept increasing upto 45 kg N/ha at which level it 
was at par with that at 60 kg N/ha. The uptake of nitrogen also 
increased gradually upto 60 kg N/ha (see also Chandra, 1981). 
Because the earliest date proved optimum in this trial, a more 
critical experiment selecting still earlier dates was warranted 
to decide the issue, 
Randhawa e_t al_, (1978) conducted a field experiment extended 
over two years to study the effect of sowing date (21 October, 
5 November, 20 November, 5 December and 20 December), seed rate 
(5.0, 7.5 and 10.0 kg/ha) and application of nitrogen fertiliser 
(0, 20, 40 and 60 kg N/ha) in two splits on the growth and yield 
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of isubgol at Ludhiana (Punjab). The highest seed yield was 
obtained in 5 November (1,000 kg/ha) and 21 October (1,130 kg/ha) 
sowing in the first and second year of study respectively. Seed 
yield decreased with delay in sowing in both years as did plant 
height and number of spikes also. The two higher seed rates 
(7.5 and 10.0 kg/ha) gave highest seed yield. In the first year, 
this yield increased upto 60 kg N/ha; but in the second year, 
increase was noted only upto 20 kg N/ha. The interaction effect 
of sowing date with nitrogen level was significant in both years. 
From their data, they concluded that the crop sown from 21 October 
to 5 November, using 7.5 to 10.0 kg seeds/ha and supplied with 
40-60 kg N/ha, gave the best yields. 
In a review on the prospects of cultivation of medicinal 
plants in the Bundelkhand Division of Uttar Pradesh, Pandey and 
Dixit (1980) mentioned that isubgol sowing be done between the 
end of October and the middle of December. Better yield could be 
obtained at 7 kg/ha seed rate and by sowing the seeds in rows. 
They did not discuss the details pertaining to fertiliser 
application in their review. 
Gupta (1982) published a detailed report on the cultivation 
of isubgol based on 'All India Coordinated Trials'. He concluded 
that although, as a general practice, 50 kg N (25 kg at sowing 
and the remaining, one month afterwards) and 11 kg P/ha were 
considered optimum for the crop, no response to the application of 
nitrogenous fertilisers was recorded in the Coordinated Trials. 
He noted that the seed yield decreased with increasing levels of 
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nitrogen and that the no-nitrogen control proved superior to all 
other levels. Similar effect of nitrogen on seed quality, as 
assessed by swelling factor, was also noted. In a modified trial 
with 8 levels of nitrogen, ranging from nil to 50 kg N/ha applied 
both basally as well as in two splits, the effect of application 
of nitrogen was again noted to be non-significant on seed yield, 
seed quality, dry matter yield, spike number and other parameters. 
It was concluded that isubgol was a non-exhaustive crop as far as 
its fertiliser requirement was concerned. In Gujarat (Mehsana 
district), the results of the Coordinated Trials undertaken for 
three consecutive years exhibited maximum seed yield in 15 November 
and 1 December sowings (out of five sowing dates) and a lower seed 
rate of 5.0 kg/ha. The crop was relatively less affected by downy 
mildew. In another experiment, the seed yield was found to be 
superior (but at par) in the case of 4.0, 5.5 and 7.0 kg seeds/ha 
than at the lower seed rates of 1.0 and 2.5 kg/ha. 
Kalyanasundaram et_ al_. (1982) investigated the effect of 
eight levels of nitrogen on yield and quality parameters of 
isubgol at Anand (Gujarat), The treatments included application 
of 15, 50 and 45 kg N/ha either entirely as basal or 8096 as basal 
and 2096 as top dressing. In addition, 25 kg N/ha as basal and an 
equal quantity as top dressing was kept along with a control 
receiving no nitrogen. A uniform basal dose of 11 kg P/ha was 
applied. The data revealed that seed yield, dry matter yield, 
swelling factor and nitrogen content of seeds were non significantly 
affected in the first two years of study, while the effect was 
highly significant in the third year. The effect of N2^+^, ^ 30+0 
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and higher doses of applied nitrogen on seed yield were at par 
with each other. The dry matter yield showed an upward trend, 
while swelling factor tended to decrease with increasing nitrogen 
levels. Nitrogen application significantly increased its 
concentration in the seeds as well as its total uptake by the 
whole plant. The authors concluded that isubgol need not be 
fertilised with nitrogen, unless the soil was extremely low in 
available nitrogen. 
In a three year study, conducted on isubgol at Ludhiana 
(Punjab), Randhawa ejt al_. (1982) selected 15 combinations of 
nitrogen ( 0, 20, 40, 60 and 80 kg N/ha) and phosphorus (O, 20 
and 40 kg P/ha) and investigated their effect on plant height, 
culm number, spike length, seed weight/50 cc and seed yield. Seed 
yield was noted to increase significantly over the control with 
the application of nitrogen during the first two years, the 
effect being at par for all levels of nitrogen, while other 
parameters were not affected by its application. Phosphorus 
application did not affect seed yield or other parameters as this 
nutrient was present in the soil in sufficient amount. Therefore, 
they concluded that 20 kg N/ha was the optimum nitrogen 
requirement for the crop and, with medium available phosphorus 
in the soil, this nutrient might not be added. 
Singh and Virmani (1982), in an extensive review on 
isubgol, concluded that its nutrient requirement was low as 
50 kg N/ha and 11 kg P/ha was found to be its optimum fertiliser 
dose at Lucknow (Uttar Pradesh). 
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In the Handbook of Agriculture (Anonymous, 1984a), it has 
been mentioned that isubgol needed a moderate supply of nutrients. 
Usually, 25 kg each of N and P/ha was given at the time of sowing 
and another 25 kg of nitrogen was applied at spike initiation stage 
(along with the third irrigation). Further, it was preferable to 
mix the soil with 15 cartloads of well rotten farm yard manure 
per hectare during the preparation of the field. The optimum sowing 
time was early November, However, sowing could be extended till 
the end of December; but the delayed sowing decreased yields. The 
optimum seed rate was 7-8 kg/ha for obtaining an average seed yield 
of 1,000 kg/ha. 
Kalyanasundaram e_t al. (1984) suggested the application of 
50 kg N/ha for isubgol in Guoarat, Preferably, 25 kg N/ha together 
with 25 kg P/ha were to be applied as basal dose and 25 kg N/ha top 
dressed 30d after sowing. The authors were of the view that it 
was necessary to estimate the available nitrogen in the soil before 
sowing and unless the soil was very low in available nitrogen, the 
crop need not be fertilised. Under such circumstances, cultivation 
of a legume crop before growing isubgol would also restore the soil 
fertility for subsequent isubgol cultivation, 
2,4,2 Concluding remarks 
The available literature on various aspects of cultivation 
of isubgol reviewed above clearly shows that it is not only scanty 
but also patchy and even controversial. It is difficult to draw 
any definite conclusion regarding the cultural practices to be 
adopted for optimum yield of this crop, from the point of view of 
its introduction into Uttar Pradesh, particularly on the basis of 
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the economics of its cultivation. The experimental work done so 
far generally lacks scientific planning and analysis. 
In medicinal plants, the efficacy of the plant part used 
as drug being important, quality parameters need detailed study 
with respect to the treatment applied. This aspect has been 
overlooked in most studies on isubgol. Even among growth 
parameters that contribute to the final yield, most studies are 
confined to plant length and culm number only. Such important 
physiological parameters as leaf area, net assimilation rate and 
relative growth rate have not been included in any study. 
Regarding the mode of fertiliser application, a few workers supplied 
nitrogen to isubgol in two splits; but in comparative studies,the 
response was noted to be the same irrespective of the number of 
dressings. 
It is noteworthy that the optimum fertiliser requirements 
of isubgol have not yet been determined properly for most 
agro-climates of India, Research activity in Uttar Pradesh on 
this basic aspect of this newly introduced crop is woefully 
lacking. This remark is equally applicable to the neighbouring 
s-tates of Haryana, Rajasthan and Madhya Pradesh. Lastly, no 
work on leaf analysis to assess the NPK status of isubgol has been 
done so far despite the fact that such leaf nutrient index has 
been established as a reliable technique to assess fertiliser 
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requirements of various crops (Lundegardh, 1951). 
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2.5 Cymbopogon 
Cymbopogon i s an important genus of aromatic grasses 
(family Poaceae) with as many as 120 species , d i s t r i bu ted chiefly 
in the t rop ics and sub- t ropics , out of which s ix have been 
explo i ted commercially for t h e i r e s s en t i a l o i l . These include 
£ , flexuosus (East Indian lemongrass), £ . c i t r a t u s (West Indian 
lemongrass), C, pendulus (Jammu lemongrass), £ . mar t in i i 
(palmarosa or rosha g r a s s ) , C, nardus (Ceylon-type c i t r one l l a 
grass) and £. winterlanus (Java-type c i t r one l l a g r a s s ) . These 
species are cu l t iva ted for t h e i r e s s en t i a l o i l in Argentina, Brazi l , 
China, Comoro Is lands , Formosa, France, Guatemala, Ha i t i , India, 
Indonesia, Madagascar, Malaysia, Mexico, the Netherlands, Puerto 
Rico, El Salvador, Singapore, Sri Lanka, U.K. and West Germany, 
£ . flexuosus and £. mar t in i i are claimed to have an Indian 
o r ig in . The former i s cu l t iva ted mainly in Kerala, Maharashtra, 
Assam, Madhya Pradesh, Karnataka, Meghalaya, Andhra Pradesh and 
West Bengal, while the l a t t e r grows mostly wild (Virmani e_t a l . , 
1977a,b; Gupta and Pareek, 1981; Yadav et_al_., 1985a). The 
cu l t iva t ion of Cymbopogon i s easy and i t can thr ive well on a 
va r i e ty of s o i l s . I t has been t r i e d on marginal (including 
sa l ine and sodic) lands with remarkable r e s u l t s (Chandra e t a l , , 
1968; Sharma ejt al^,, 1972; Chandra, 1978; Singh and Anwar, 1985). 
Moreover, the crop being perennia l , i t may continue to give 
economic returns for years if properly maintained (Virmani e t a l , , 
1977a,b; Gupta and Jain, 1978), The plants can be propagated 
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either by seeds or preferably by root stocks, transplanting the 
slips usually before the onset of monsoon. The varieties 
belonging to this genus grow under various agro-climatic conditions; 
but well drained sandy loam soils are most suited for its 
cultivation. The industrial and medicinal uses of the three 
selected varieties have been summarised in the following 
paragraphs. 
2.5.1 Lemongrasa (C. flexuosus Stapf. var. OD-19) 
Lemongrass is well known for its oil which is one of the 
most important essential oils produced in the world (Guenther, 
1950a; Virmani et aa., 1977a, 1979a,b ). It is noteworthy that 
India (particularly Kerala) is among the major producers of this 
oil, which is also called East Indian or Malabar or Cochin 
lemongrass oil, the oil of £. citratus being called test Indian 
lemongrass oil (Guenther, 1950a; Anonymous, 1960 , 1964; 
Virmani et al., 1977a, 1979a,b; Nair, 1980, 1982). In the past, 
production of lemongrass oil in India exceeded 1,000 metric tons 
annuallyj but it has fallen to 600 metric tons only over the past 
few years (Virmani et^  al_., 1979a). Due to inferior quality of 
our produce, countries like Guatemala and Haiti, with better 
quality oil, have.started competing successfully in its trade 
(Guenther, 1950a; Anonymous, 1976b; Virmani et^  al_., 1977a; 
Nair, 1982). Due to increasing demand of the oil for indigenous 
use, specially for the synthesis of vitamin A, there is 
considerable scope for raising its production. The export also 
37 
can be enhanced by improving the oil quality by adopting modern 
techniques of distillation and by developing suitable methodology 
to decrease the cost of cultivation. 
The bulk of the oil of lemongrass is used for the isolation 
of citral (Fig. 1a), its chief constituent, which accounts for 
nearly 759^  of the oil (ISl Specification: 327-1961). Citral and 
lemongrass oil are used as such for flavouring soaps and cosmetics 
and in perfumes (Guenther, 1950a; Anonjnnous, 1964; Virmani e^ al., 
1977a, 1979a; Gupta and Jain, 1978; Nair, 1982). In recent years, 
citral has found primary use in the synthesis of a group of very 
important aromatic chemicals, the ionones, possessing a strong and 
lasting odour. Of these, p-ionone (Fig.lb) has assumed considerable 
a - CITRAL 3 - CITRAL 
Fig. 1 (a) TWO ISOMERIC FORMS OF CITRAL 
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commercial s i g n i f i c a n c e a s a s t a r t i n g m a t e r i a l fo r the s y n t h e s i s 
of v i t amin A (Guenther, 1950a; Anonymous, 1964; Rao ejt al^., 1972; 
Virmani e t a l . , 1977a, 1979a; Gupta and J a i n , 1978; Nai r , 1982) . 
Bes ides , lemongrass o i l i s a l s o used as d i s i n f e c t a n t and fumigant 
(Tiwar i et_ al_., 1966; Osmani et_ al_., 1972; Gupta and J a i n , 1978; 
Virmani e t al_., 1979a) , The spent lemongrass, l e f t behind a f t e r 
the e x t r a c t i o n of i t s o i l , i s s u i t a b l e for s t rawboard and paper 
i n d u s t r y (Karnik, 1959; Karnik and Guha, 1961; Virmani ejt a l . , 
1977a; Chawla, 1982; Nai r , 1982) and i s a good green manure 
(Gupta and J a i n , 1978; Virmani e t a l . , 1979a; Na i r , 1982) . In 
1982-83, lemongrass o i l and p-ionone t o g e t h e r accounted for 
85.5 m i l l i o n rupees (US | 8,5 m i l l i o n ) in fo re ign exchange 
(Randhawa and Mahey, 1985) . 
2 . 5 . 2 Jammu lemongrass (C. pendulus Wats, var , RRL-16) 
I t i s a high (75-85?^) c i t r a l y i e l d i n g v a r i e t y developed 
through proper s e l e c t i o n a t the Regional Research Laboratory of 
C .S . IcR , , Jammu-Tawi in J&K S ta t e (Singh et_ a l . , 1977; Thapa et^ a^. 
1977; Balyan e;t a]^ . , 1979; Shahi e^ a l . , 1981a,b; Sobt i e_t a l . , 
1982; Rajendrudu and Ramadas, 1983) , The o i l of Jammu lemongrass 
i s used e x t e n s i v e l y i n the perfxamery and pharmaceut ica l i n d u s t r i e s 
i n the same manner as lemongrass o i l , desc r ibed above 
(Sec t ion 2 , 5 . 1 , p p . 36-38 ) , 
2.5.3 Palmarosa (C. mart in i l Stapf. var , motia) 
In I n d i a , palmarosa i s p o p u l a r l y known as rosha g r a s s , 
t h a t occurs i n two morphogenic forms v i z . motia and s o f i a . The 
forests of Madhya Pradesh, Maharashtra and Andhra Pradesh, that 
accounts for a major portion of its total production (Guenther, 
1950b; Anonymous, 196la,b, 1984a; Gupta, 1972; Virmani et a]_., 1977b; 
Gupta and Jain, 1978; Gupta and Pareek, 1981; Pareek ejt al_., 1981b). 
For the last one decade, there is growing consciousness for the 
cultivation of its improved varieties using the newly acquired 
agro-technologies to optimise yield and quality (Gupta, 1972; 
Pareek et^  al., 1981b). 
Palmarosa oil stands third among the foreign exchange 
earning essential oils, following sandalwood and lemongrass oils 
(Anonymous, 1961 a,b). However, export of this oil has shown a 
downward trend in recent years. During 1975-77, it was as high 
as 4.5 million rupees (US $ 0.5 million) but came down to 
3.1 million rupees (US ^ 0.4 million) in 1978-79 (Pareek et^  al_., 
1981b; Sundaresh, 1982b). It is partly because the oil from 
certain countries, notably Brazil, Cuba and Indonesia, is preferred 
over the Indian product due to its higher geraniol content and 
superior odour (Pareek e_t al., 1981b). 
Palmarosa oil contains more than 9094 of an odoriferous 
alcohol, geraniol (ISI Specification: 525-1968) and is used in 
high grade perfumery, soap and other industries (e.g. for 
flavouring tobacco) as it imparts a lasting rose-like odour to the 
products (Guenther, 1950b; Gupta, 1972; Virmani e_t a]^., 1977b; 
40 
Gupta and Jain , 1978; Pareek ejt a a . , 1981b). The o i l i s a lso 
antifungal and a n t i b a c t e r i a l and has wound-healing proper t ies 
(Singh, 1977; Gupta and Jain, 1978). Geraniol (Fig . 2) i s highly 
valued as a s t a r t i n g mater ial for a large number of synthet ic 
aroma chemicals v i z . geranyl e s t e r s with a permanent rose- l ike 
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extracted from rose, followed by geranium, palmarosa and citronella, 
with their varying contents. However, the oil of palmarosa could 
fulfil the needs of the country on commercial consideration 
because of the luxuriant growth and reasonably high geraniol 
content of the crop (Rakshit and Dutt, 1947; Gupta, 1972). 
2.5.^ Cymbopogon cultivation 
The need for cultivation of lemongrass and palmarosa was 
not felt earlier as these grasses grow luxuriantly in the wild 
conditions in several parts of India. A sudden and probably 
unexpected drop in the exportability of their products led farm 
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scientists not only to screen and select better quality cultivars 
but also to grow them scientifically for maximum productivity of 
assured high quality. In India, scientific research on the 
fertiliser requirement and physio-agronomic management of 
different varieties of Gymbopogon dates back to less than two 
decades only, although Hood (1917) had much earlier emphasised 
the application of nitrogen, phosphorus and potassium for better 
growth and yield of C, cltratus in the United States. The relevant 
publications on C, flexuosus, C, pendulus and £. martinii, the 
three Gymbopogon varieties selected by the author for the present 
study, are critically reviewed below with particular reference to 
Indian conditions from the view point of the need for improvement 
in scientific, as well as national, interest. 
Atal and Bradu (1976a) working at Jammu-Tawi (J&K State), 
selected three out of twelve varieties of Gymbopogon for detailed 
study on the basis of their high citral content. The three 
varieties, namely £. nardus, £. citratus and £. pendulus, were 
cultivated applying 100 kg N, 50 kg P and 50 kg K/ha, supplemented 
with 50 kg N/ha after each cut. A spacing of 45 x 45cm was 
maintained. £. pendulus showed best performance both in growth and 
in yielding ability and its oil recorded a maximum of 889^  citral. 
It is beyond understanding why the same data were re-reported in 
a subsequent publication (Atal and Bradu, 1976b). Neither paper 
recorded the nutrient status of the soil before applying the 
fertiliser. 
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Atal and Bradu (1976c) also compared RRL-57 s t r a i n of 
C, flexuosus with the s t r a i n RRL-59, the two na tu ra l ly occurring 
c u l t i v a r s from southern pa r t s of India . These were selected for 
t h e i r comparatively b e t t e r geraniol content out of seven promising 
v a r i e t i e s of Gymbopogon screened e a r l i e r by the au thors . The 
o i l of the two cu l t i va r s was found to possess a s ign i f i can t ly 
higher geraniol content (409i) together with raethyl-eugenol (20%), 
in cont ras t to the o i l of the commercially cu l t iva ted s t r a in s of 
C. flexuosus which are r ich in c i t r a l (75% - 131: 327-1961). 
RRL-59 had an edge both in herb and o i l yield over the other s t r a i n 
when cul t iva ted with a f e r t i l i s e r dose of 100 kg N, 50 kg P and 
50 kg K/ha supplemented with 50 kg N/ha a f t e r each cu t . 
Unexplicably, the data of t h i s paper were repeated again in another 
publ icat ion (Atal and Bradu, 1976d). 
Duhan e_t a l . (1976) compared the performance of C. pendulus 
with tha t of conventionally grown lemongrass (£ . flexuosus) under 
the Tarai climate a t Haldwani (Uttar Pradesh). The f e r t i l i s e r 
dose comprised 120 kg N, 26 kg P and 33 kg K/ha. Of these three 
n u t r i e n t s , the l a t t e r two were applied basal ly while nitrogen was 
given as top dressing in s p l i t doses. Among the two v a r i e t i e s , 
£• pendulus produced more culms and be t t e r qual i ty o i l , reg is te r ing 
a maximum of 86.7% of c i t r a l content in the October harves t . 
Based on these observations, i t was inferred tha t £ , pendulus 
could be successfully cu l t iva ted in the foot h i l l s of Uttar Pradesh 
where i t was possible to take three cuts per year with good qual i ty 
of e s sen t i a l o i l . The paper f a i l s to mention the number of s p l i t s 
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of nitrogen and the time of their application. Also after having 
established the superiority of £, pendulus grovm with the selected 
NPK dose, it would have been desirable to perform a fertiliser 
trial (preferably with variation in spacing) to establish the 
optimum economical dose of this costly input, 
Ghosh and ChatterJee (1976a) studied the pattern of 
essential oil fonnation in £, flexuosus and C, martinii at 
Burdwan (W, Bengal) with respect to some cultural practices. Low 
dose (62.5 kg N, 50,0 kg P and 37,5 kg K/ha) increased the oil 
content whereas the high dose (125 kg N, 100 kg P and 75 kg K/ha) 
reduced it in both the varieties, particularly when sampled at 
flowering and post-flowering stages of development. In both the 
varieties, May-sown seedlings, transplanted during July, resulted 
in highest essential oil content. In general, transplanted plants 
had greater percentage of essential oil and comparatively 
£. martinii possessed higher content of oil. In the experiment " 
on the duration of harvesting intervals, 40 days interval showed 
more oil formation. 
Ghosh and Chatterjee (1976b) conducted a field trial at 
Burdwan (W, Bengal) in which NQPQKQ, N^^ .5^50,0^7,5 ^^^ ^25^100^5 
were applied to study their effect on the growth, development and 
essential oil content of £, flexuosus and £. martinii. The 
fertilisers were applied in splits viz, 50% at transplantation, 
2596 30d afterwards and the remaining (25%) just before flowering 
(80-85d old plants). The lower level of N:P:K (62,5:50,0:37,5) 
enhanced vegetative growth, hastened flowering and fruiting and 
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increased the essential oil content in both varieties, of which 
growth and essential oil content of £. martinii were found to be 
better. This variety also exhibited higher responsiveness towards 
NPK application. Samples taken during the flowering period 
registered maximum oil content in both varieties. 
In a study on £. flexuosus, Nair e_t al. (1976) investigated 
the effect of 50, 100, 150 and 200 kg N/ha and of three methods 
of nitrogen application, namely all basal, two splits and four 
splits along with one control, at Odakkali (Kerala). There was 
significant difference in the herb and oil yields due to various 
treatments. Highest herb yield of 43.3 metric tons/ha was obtained 
with N ^ (all basal), whereas highest oil yield (79,6 kg/ha) 
corresponded to the application in two splits of N^„„; but the 
effect of nitrogen on citral content of the oil was found to be 
non-significant, 
Chatterjee and Ghosh (1977) studied the feasibility of 
growing essential oil-yielding plants in the hilly tracts and the 
Gangetic plains of W, Bengal. In one experiment on £. flexuosus 
and £. martinii, two fertiliser doses, namely 60:50:35 and 
125:100:75 kg of N:P:K/ha and a no-fertiliser control were taken. 
The fertilisers were applied in three splits. The lower dose 
of N:P:K (60:50:35) proved to be optimum for both the varieties, 
producing 350 kg/ha oil with 8^% citral in C, flexuosus and 
190 kg/ha oil with 91?^  geraniol in C. martinii. This dose of 
fertiliser also enhanced vegetative growth as well as essential 
oil content, the latter being 18.4 and 15.0^ more in £. flexuosus 
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and C. mar t in l l respec t ive ly , compared to the respect ive controls 
a t flowering s t age . The study a lso revealed tha t t ransplant ing 
gave higher percentage of e s sen t i a l o i l than d i r e c t seed sowing. 
£ , mar t in i ! responded be t t e r to NPK appl ica t ion than £. flexuosus. 
The study, however, seems to be r e p e t i t i o n of Ghosh and Chatterjee 
(1976b) reviewed e a r l i e r and does not report the de ta i l s of so i l 
a n a l y s i s . 
Hazarika and Bora (1977) performed a f ie ld t r i a l a t 
Jorhat (Assam) to determine the optimum NPK dose with the aim of 
obtaining maximum o i l yield of £ . m a r t l n i i . Four doses of 
ni trogen (O, 40, 60 and 80 kg N/ha) applied in two s p l i t s and 
three (0, 20 and 40 kg/ha) each of phosphorus (P) and potassium (K) 
were taken. The yield of herb increased s ign i f i can t ly upto N „^ 
and decreased the rea f t e r . No s ign i f i can t effect of f e r t i l i s e r 
doses could be noted on o i l content; but t o t a l o i l yield showed 
an upward trend due to the increase in herb y ie ld . ^6o^4o\o 
gave best r e s u l t s with 4,430 kg/ha herb yield and 398.7 kg/ha o i l 
y ie ld which were 358.5 and 385.6% respect ively more than the 
control (NQPQKQ). 
In a s p l i t - p l o t t r i a l conducted a t Ludhiana (Punjab), 
Samra e_t al_. (1977) studied the influence of three row spacings 
(30, 45 and 60cm) and three levels each of ni trogen (0, 75 and 
150 kg N/ha) applied in two s p l i t s and phosphorus (O, 21.8 and 
43.6 kg P/ha) on herb yie ld , o i l content and o i l yield of C.martinii 
Among spacings, i t was noted tha t var ia t ion in width of rows did 
not affect yield a t t r i b u t e s and o i l content s i g n i f i c a n t l y . I t was 
suggested that a spacing of 45 - 60cm could be preferred for the 
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sake of convenience in cultural operations. Application of 
nitrogen had a significant effect, with 150 kg N/ha increasing the 
herb yield by 122.4% and oil yield by 133.4^ 4 over the control. 
Phosphorus did not produce any significant difference in either 
the herb or oil yield, which was attributed to the presence of 
sufficient amount of this nutrient in the soil. The present 
reviewer feels that the study could have been more meaningful 
if it included the effect of interactions of the two nutrients 
with each other and with spacing. 
In a field experiment performed at Jammu-Tawi (J&K State) 
on £, pendulus, Singh ejt al,. (1977) found that 360 and 400 kg N/ha 
applied in split doses gave the best results among eight 
treatments tested. The application of 360 kg N/ha resulted in 
the production of 70.4 metric tons/ha and 197.1 kg/ha of herb and 
oil respectively. The maximum profit of Rs 2,884.00 per hectare 
was noted in the 320 kg N/ha treatment. They rightly concluded 
that the dose of fertiliser should be decided not merely on the 
basis of better yield but after considering the economics of 
cost and benefit. In another trial, they noted that application 
°^ ^ 180^60^120 ^^^ ^180^80^60 ^^^ significantly superior to 
other combinations of NPK used and suggested that in the interest 
of balanced nutrition which is beneficial for both growth and 
yield, application of combined NPK was advantageous. Finally, 
a narrow spacing of 30 x 30cm was found to give maximum yield 
of both herb and oil. But in the trial on spacing, only 250 kg N/ha 
was applied in two splits with no phosphorus and potassium. The 
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authors did not give data about soil analysis for any of the 
three trials. 
Virmani et_ al_, (1977a) considered £, flexuo3us» a 
soil-exhausting crop. As a result of trial undertaken at Lucknow 
(Uttar Pradesh), they preferred the use of 2,5 metric tons/ha 
of spent lemongrass and 2,0 metric tons/ha of wood ash, in 
addition to the application of 30 kg N, 13 kg P and 25 kg K/ha as 
basal dose and 50 kg N/ha as top dressing at later stages. They 
also maintained that 60 x 90cm for C, flexuosus and 60 x 60cm for 
£, martinii was the optimum spacing (Virmani e;t al^ ., 1977b), 
For the latter variety, they noted that a mixture of 20 kg N, 
21,8 kg P and 33,2 kg K/ha at the time of planting and 40 kg N/ha 
applied in three splits during the growing season, was optimum 
for conditions obtaining at Lucknow (Uttar Pradesh), It was also 
mentioned that the same doses be added at the time of appearance 
of fresh leaves each year to replenish the soil, 
Gupta et_ al_. (1978) laid a trial on the nutrient 
requirement of C, martinii at Delhi, in which twenty seven 
combinations of nitrogen (O, 40 and 80 kg N/ha) applied in four 
splits, with phosphorus (O, 17.5 and 35 kg P/ha) and potassium 
(0, 33.2 and 66.4 kg K/ha) were given to the plants transplanted 
at a spacing of 60 x 45cm, Whereas application of 80 kg N, 
35 kg P and 66,4 kg K/ha together produced maximum number of culms 
at second and third cuts, yield of flowering tops was reported to 
be maximum in the combination 80 kg N, 35 kg P and 33.2 kg K/ha 
at each of the three cuts separately and also on the basis of 
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pooled data . F e r t i l i s e r appl ica t ion had no ef fec t on o i l content 
of the crop. The o i l from leaf contained more geraniol which was 
89-91% in September-October cut than the o i l from flowering tops . 
The paper did not record the ef fec t of various NPK combinations 
on the geraniol content of the o i l tha t determines i t s qua l i ty . 
Hazarika e t a l . (1978) studied the ef fect of four levels 
of nitrogen v i z , 0, 60, 90 and 120 kg N/ha in two s p l i t s and of 
two levels each of phosphorus and potassiiun, namely 0 and 40 kg P 
or K/ha on the o i l and geraniol content of C. mar t in i i a t 
Jorhat (Assam). The appl ica t ion of ^^20^40^0 ^"^ ^60^40\o 
produced maximum o i l (0,5%). The l a t t e r dose gave 74.8% geraniol 
compared to 73.8% in the former. The combination N^P^QK^P, was^ 
there fore , considered to be optimum. 
Nair £ t al_. (1979) l a i d out an experiment to study the 
comparative response of OD-19 and SD-68 v a r i e t i e s of C, flexuosus 
and RRL-16 va r i e ty of £, pendulus to the appl ica t ion of three 
l eve l s of nitrogen (O, 50 and 100 kg N/ha) a t Odakkali (Kerala)• 
I t was found that OD-I9 and SI>-68 were a t par with regard to herb 
and o i l y i e ld s . The o i l percentage was noted to be highest in 
RPlL-15, although i t gave the lowest y ie ld . The appl ica t ion of 
100 kg N/ha produced 103.3, 79.6 and 61.5 kg/ha of o i l in SD-68, 
OD-19 and RRL-16 respec t ive ly . As th i s was the highest among the 
applied doses of ni t rogen, the present reviewer feels tha t the 
t r i a l could have been repeated taking doses higher than 100 kg N/ha 
a s , in his opinion, only then the optimum dose could be decided for 
the three v a r i e t i e s which might show d i f f e r en t i a l response a t higher 
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l eve l s of applied ni t rogen. I t i s noteworthy t h a t , although 
C. pendulus var . RRL-16 has been shown to be a be t t e r yielder of 
o i l and c i t r a l in North India e . g . a t Delhi, a t Jamrau-Tawi 
(J&K State) and a t Aligarh^in the Tarai region i . e . foot h i l l s and 
a t Lucknow (Uttar Pradesh), i t gave poor yields and exhibited low 
c i t r a l content a t Odakkali (Kerala) in the study under 
considerat ion. 
Sharma e t a l . (1980) noted the response of £, mar t in i i to 
two levels each of nitrogen (75 and 150 kg N/ha), phosphorus 
(0 and 21.8 kg P/ha) , potassium (O and 41.5 kg K/ha) and zinc 
(0 and 10 kg Zn/ha) a t Lucknow (Uttar Pradesh). Nitrogen was 
applied in three equal s p l i t s , while the ful l dose of each of the 
other three nu t r i en t s was added a t the time of t r ansp lan ta t ion . 
Considering the pooled herb and o i l yields of a l l the four cuts , 
a s ign i f ican t l inea r response to nitrogen was obtained which was 
80.4 and 81.3% respec t ive ly more than the con t ro l . I t was 
observed tha t the appl ica t ion of 75 and 150 kg N/ha gave a net 
re turn of Rs 24.38 and Rs 18.87 respect ive ly per rupee invested on 
nitrogen f e r t i l i s e r . Application of 21.8 kg P/ha and 10 kg Zn/ha 
increased the o i l yield s i g n i f i c a n t l y . Potassium appl ica t ion had no 
effect e i t he r on herb or o i l yield which was ascribed to the high 
potassium s ta tus of the s o i l . Thus, the r e s u l t s revealed tha t 
ni t rogen, phosphorus and zinc f e r t i l i s e r could be used to increase 
considerably the production of o i l in palmarosa. 
Gupta and Pareek (1981 ) reviewed the research work done on 
the f e r t i l i s e r requirement of selected aromatic p lan ts in India 
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and noted that, for normal soils like those of Delhi, application 
of 75 kg N, 17.5 kg P and 33.2 kg K/ha was considered optimum for 
£. martinii, with nitrogen being applied twice for each cut i.e. 
in six equal splits. For £. flexuosus, they advocated the 
application of 100-120 kg N and 21.8 kg P/ha for Kerala, the major 
lemongrass growing State in the country, 
Hazarika e_t al_. (1981) conducted a field experiment providing 
all possible combinations of 40, 60 and 80cm row spacings on the 
herb and oil yield and oil quality of £. martinii under the 
agro-climate of Jorhat (Assam). A fertiliser dose of 60 kg N, 
17.5 kg P and 33.2 kg K/ha was applied, nitrogen being given in 
thx^e splits. The maximum pooled herb yield (12.8 metric tons/ha) 
and oil yield (70.7 kg/ha) per year was recorded in 40 x 40cm 
spacing and was found to be 51.5 and 60.3% higher respectively than 
in the maximum spacing tried (80 x 80cm). The effect of spacing 
on the oil and geraniol content was not significant. 
Pareek et^  al. (1981a) performed a field experiment to study 
the effect of N, P and K fertilisers on yield and oil quality of 
£, martinii at Delhi. The treatments consisted of three levels of 
nitrogen (O, 40 and 80 kg N/ha) applied in two splits and two 
levels each of phosphorus (0 and 17.5 kg P/ha) and potassium 
(0 and 33.2 kg K/ha). Application of 40 kg N/ha increased the 
herb.and oil yields significantly by 23.7 and 22.7% respectively 
over the control. Although, phosphorus and potassium applied 
separately did not affect any growth or yield attribute 
significantly, their application in combination with nitrogen gave 
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better economic yields. They also noted that 40 kg N/ha had 
favourable effect on the gex^niol content of oil, with marginal 
increase in oil percentage. The present reviewer is inclined to 
disagree with the explanation of these authors regarding the 
lack of response to phosphorus and potassium, 4 kg P and 
290 kg K/ha available in the soil were certainly on the low side. 
Cymbopogon is known to require rather high doses of NPK for 
optimum performance and there is every likelihood that sufficiently 
higher doses of phosphorus and potassium could have elicited 
significant response of the crop as in the case of applied nitrogen. 
In a simple randomised lay-out, Samiullah and Varshney 
(1981) observed the effect of eight basal levels of nitrogen, 
namely 150, 200, 250, 300, 350, 400, 450 and 500 kg N/ha on growth, 
oil percentage and yield of lemongrass (C, flexuosus ) 
at Aligarh (Uttar Pradesh), Phosphorus (33 kg P/ha) and 
potassium (50 kg K/ha) were applied uniformly. It was noted 
(see also Varshney, 1983) that growth and yield parameters and 
essential oil quality were significantly affected by the applicatio] 
of nitrogen. At first and third cut , 300 kg N/ha and, at second 
cut, 250 kg N/ha proved best for growth parameters. Herb and oil 
yields were maximum with 300 kg N/ha at first and third cut as 
well as in pooled data for the three cuts and with 250 kg N/ha at 
second cut, Citral content and yield were recorded to be highest 
in 300 kg N/ha at all the three cuts and also cumulatively. 
Munsi and Mukherjee (1982) studied the effect of four levels 
each of nitrogen (O, 60, 80 and 100 kg N/ha) and phosphorus 
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(0, 8,7, 17.5 and 26.2 kg P/ha) on the oil yield and quality and 
the nutrient concentration in leaves of Java citronella and 
palmarosa (as well as Japanese mint) at Calcutta (W. Bengal). 
A uniform dose of 33.2 kg K/ha was applied basally with full dose 
of phosphorus and half of nitrogen while the remaining nitrogen 
was broadcast after the first cut. Increasing nitrogen and 
phosphorus levels resulted in a corresponding increase in oil 
yield and geraniol (or menthol) content in the three crops, with 
100 kg N/ha and 25,2 kg P/ha proving best. Among interactions, 
^100^17 5 ^ scorded maximum oil yield in palmarosa. The maximum 
concentration of nitrogen, phosphorus and potassium in leaves 
was recorded in plants treated with the highest combination of 
nitrogen and phosphorus. The same dose proved best on calculating 
the economics of fertiliser use. It gave maximum profit of 
Rs 13,191.75 and Rs 13,988.00/ha for Java citronella and palmarosa 
respectively (and Rs 5,763.05/ha in case of mentha). As in many 
other studies considered earlier, the present reviewer feels that 
it was desirable that the soil nutrient status should have been 
ascertained before deciding the doses of fertilisers to be applied. 
This lacuna seems to have been responsible for the observed effect 
of the highest doses of nitrogen and phosphorus. It could only 
be obviated by repeating the experiment, taking doses above 100 kg N 
and 25.2 kg P/ha to determine unequivocally the optimum fertiliser 
requirement of these crops, 
Singh e_t al_, (1982) conducted field trials on the cultural 
requirements of essential oil-bearing crops at Lucknow (Uttar Pradesh) 
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In one of the experiments on the NPK requirement of C, martinii, 
the effect of these nutrients on herb and oil yields was studied. 
The best results were obtained by the individual application of 
150 kg N and 21.8 kg P/ha which gave 81.3 and 14.7% additional 
oil yield in the first year and 155.7 and 35.69^  in the second year 
over the respective controls. The effect of potassium on herb 
and oil yield was found to be non-significant. The paper includes 
a brief account of four experiments on different essential oil-
yielding crops and lacks details of materials and methods, including 
soil analysis and the sources of nutrients used. 
A simple randomised field trial to study the effect of 
eight basal levels of phosphorus (O, 10.9, 21.8, 52.7, 45.6, 54.6, 
65.5 and 76.4 kg P/ha) together with a uniform dose of 150 kg N 
and 50 kg K/ha on growth, yield and oil quality of £. flexuosus 
was conducted by Varshney and Samiullah (1982) at Aligarh (see also 
Varshney, 1985). Of the eight levels applied, 45.6 to 65.5 kg P/ha 
proved best for different growth parameters at each of the three 
cuts. Herb, essential oil and citral yields were found to be 
maximum with 65.5, 54.6 and 45.6 kg P/ha at first, second and third 
cut respectively. Cumulatively, 65.5 kg P/ha proved optimum for 
herb yield and 54.6 kg P/ha for oil yield. The citral content of 
oil was maximum at different cuts in plants grown with 52.7 to 
54.6 kg P/ha. 
The detailed study of Varshney (1985) on lemongrass 
(C. flexuosus) undertaken at Aligarh is the first such work done 
in western Uttar Pradesh where the crop was introduced successfully 
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by him in col laborat ion with Samiullah and Afr idi . Of the so far 
unpublished data of the experiments, the following merit pa r t i cu l a r 
considerat ion. 
In one simple randomised f i e ld t r i a l , the effect of eight 
basal leve ls of potassium (0, 35.2, 66.4, 99.6, 132.8, 166.0, 199.2 
and 232.4 kg K/ha) on growth, y ie ld , e s sen t i a l o i l content, o i l 
qua l i ty and NPK contents of leaves was studied. Shoot length, 
fresh and dry weight/plant , herb, o i l and c i t r a l yields (a t each 
of three cuts and cumulatively) and c i t r a l and e s sen t i a l o i l 
percentage were recorded to be highest in 132.8 kg K/ha. The 
concentration of N and P in leaves increased progressively upto 
132.8 kg K/ha a t most of the c u t s . Leaf-K content was maximum in 
232.4 kg K/ha a t f i r s t and th i rd cut and in 199.2 kg K/ha a t 
second cu t . 
In another simple randomised f i e ld experiment, twenty seven 
combinations of NPK were selected on the basis of the data of three 
e a r l i e r t r i a l s along with a control (NQPQK^). Application of 
^ 3 5 0 . 0 ^ 3 . 6 ^ 3 2 . 8 °^ ^250.0^54.6^9.6 ^^^ulted in overal l superior 
growth and maximum production of herb, o i l and c i t r a l a t most of 
the cuts and cumulatively. For e s sen t i a l o i l and c i t r a l content, 
^ 0 . 0 ^ 3 . 6 ^ 1 6 6 . 0 ' ^ 2 5 0 . 0 ^ 3 . 6 ^ 3 2 . 8 °^ ^250.0^32.7^132.8 ^^^^^^^^ 
the remaining combinations a t one or the other cu t . The nu t r ien t 
combinations affected the NPK contents in leaves d i f fe ren t ly a t 
the three cu t s . 
The l a s t f i e ld t r i a l was based on s p l i t - p l o t design. In 
t h i s experiment, the effect of leaf -appl ied N and P alone and in 
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combination (sub-plot treatments) was studied at two basal levels 
(main plot treatments). Of the latter, N^Q„ Q^S^ 5^32 8 P^°"^^^ 
better than the lower dose (N.^Q 0^32 7^152 8^ ^°^ most of the 
growth, yield and quality parameters. Among the sub-plot treatments 
combined sprays of N and P proved better than those of either 
nutrient alone, with N.^Pp proving optimum. Considering the 
interaction effects, the application of N^QP2 ^^ long the spray 
treatments proved optimum for most parameters, irrespective of 
the basal dose. 
Varshney e_t al, (1983) observed significant effect of 
nitrogen and potassium, alone and in combination, on yield of 
herb and oil and on oil quality of C, flexuosus again at Aligarh. 
The data for the three cuts in this factorial randomised field 
trial revealed that out of four levels each of nitrogen (150, 250, 
350 and 450 kg N/ha) and potassium (IOO, 133, 166 and 199 kg K/ha), 
N^ cr, ^^^ i^fift' individually as well as in combination, gave optimum 
yields of herb and oil. Maximum citral content was obtained with 
N.£.^  and K^rr* 150 166 
Samiullah et_ al_, (1984) studied the effect of eight levels 
each of nitrogen (150, 200, 250, 300, 350, 400, 450 and 500 kg N/ha) 
and phosphorus (O, 10,9, 21,8, 32,7, 43.6, 54,6, 65.5 and 76,4 kg 
P/ha) applied once at transplantation on leaf nitrogen, phosphorus 
and potassium content of £. flexuosus at Aligarh, Nitrogen levels 
had a significant effect on leaf-N concentration at each of three 
cuts and on leaf-K at first and second cut only, whereas the 
effect on phosphorus content of leaf was not significant. Application 
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of 300 kg N/ha was noted to give highest leaf-N at first and third 
cut and of 250 kg N/ha at second cut. Similarly, 300 kg N/ha 
at first cut and 500 kg N/ha at second cut proved optimum for 
K concentration of leaves. The effect of phosphorus levels was 
significant at all three cuts, in general, 5A.6 kg P/ha proving 
at par with 65.5 kg P/ha and resulting in maximum NPK contents 
of leaf. The authors suggested that such leaf NPK indices may be 
utilised as a tool for assessing the optimum fertiliser requirement 
of this crop. 
It may, however, be mentioned that transplanting the crop 
in March/April by Varshney and associates resulted in additional 
expenditure on irrigation due to the subsequent hot weather. 
Also, the doses of NKP applied in various experiments (including 
the last trial on fertiliser economy) were much higher than 
conventionally applied (Nair e_t al_., 1976; Virmani e_t al_., 1977a,b; 
Gupta e_t al_., 1978; Sharma et al_., 1980; Gupta and Pareek, 1981; 
Anonymous, 1984a). The present reviewer feels that nitrogen could 
have been applied in split doses for more efficacious (and probably 
economical) results as lemongrass is a long duration crop, being 
perennial in habit. 
In a field experiment conducted at Bangalore (Karnataka), 
Prakasa Rao et_ al, (1985a) studied the effect of nitrogen 
(0, 50 and 100 kg N/ha), phosphorus (O, 17.5 and 35.0 kg P/ha) 
and potassium (0 and 33.2 kg K/ha) fertilisers on yield parameters 
of, and nutrient uptake by, £. flexuosus. Application of 
50 and 100 kg N/ha increased oil yield by 38 and 58% respectively 
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over the control. Nitrogen at 100 kg N/ha also increased the 
uptake of nitrogen, phosphorus and potassium significantly as 
revealed by plant analysis. Therefore, 100 kg N/ha was considered 
the optimum nitrogen dose. The application of phosphorus and 
potassium did not increase overall yields of herb and essential 
oil and had little effect on nutrient uptake. The present 
reviewer feels that a more clear picture of the effect of applied 
phosphorus and potassium in combination with nitrogen could have 
been obtained if the interactions of the three nutrients were 
considered as there are reports that the two nutrients affected 
both herb and oil yields in the presence of nitrogen 
(Singh et ad., 1977; Pareek et al.., 1981a). 
Prakasa Rao et_ al_. (1985b) in another two year trial at 
Bangalore (Kamataka), noted the effect of six spacings (30 x 30cm, 
45 X 30cm, 60 x 30cm, 45 x 45cm, 60 x 45cm and 60 x 60cm) and four 
nitrogen levels (O, 80, 160 and 240 kg N/ha) on herb and essential 
oil yields of £, martinii. Phosphorus and potassium were applied 
at 17.5 kg P and 33.2 kg K/ha as basal dose, while nitrogen was 
given in eight splits. Herb and essential oil yields were found 
to be high in closer spacings i.e. 30 x 30cm and 45 x 30cm, where 
population density was also high. A total of 76.6 metric tons/ha 
of herb was produced in two years in the 30 x 30cm spacing. 
Application of 240 kg N/ha gave the highest yields of 79.7 metric 
tons/ha and 239.2 kg/ha of herb and oil respectively, which was 
49.0 and 49.0% more than the control. The interaction between 
plant spacing and nitrogen was significant, response to fertiliser 
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nitrogen being higher at closer spacings. 
Randhawa and Itohey (1985), while reviewing the progress 
of research and development of essential oil-yielding plants at 
Ludhiana (Punjab), observed that, in one of the trials, a closer 
spacing of 60 x 45cm proved superior from amongst a total of 
10 spacing treatments in the case of £« flexuosus as well as 
£, pendulus. This optimum spacing gave higher herb and oil 
yields in both the varieties, of which £. pendulus proved 
superior. 
Yadav et^  al_. (1985a) studied the yield and quality of oil 
of C, martinii in relation to four nitrogen levels (O, 50, 100 and 
150 kg N/ha) and five spacings (45 x 30cm, 45 x 45cm, 60 x 30cm, 
60 X 45cm and 60 x 60cm) at Lucknow (Uttar Pradesh). A basal dose 
of 35 kg P, 66.4 kg K/ha and half of the nitrogen was applied at 
transplantation and the remaining quantity was top dressed in 
two splits after first and second cut • Application of 150 kg N/ha 
and a spacing of 60 x 30cm proved best for herb and oil yields, 
with 150 kg N/ha producing 71.3 and 72.2% more oil than the control 
in the first and second year of study respectively. The optimum 
spacing (60 x 30cm) resulted in 86.1 and 129.5% higher oil yield 
respectively than the 45 x 30cm spacing that recorded the minimum 
values in the two years. The trend of nitrogen uptake by the crop 
at various nitrogen levels and spacings was similar to that of 
yield attributes. Geraniol content decreased above 100 kg N/ha, 
whereas change in spacing did not cause any variation in the oil 
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quality. Basing their arguments on herb and oil yields, the 
authors rightly concluded that the nitrogen use efficiency of 
C» martini! could be improved by selecting the proper spacing. 
More recently, Sharma et_ al_. (1987) have been successful 
in evolving and testing a new variety (No, 29) of £, pendulus 
through appropriate genetic manipulation at Lucknow (Uttar Pradesh), 
In this preliminary note, they have been able to establish its 
superiority with regard to oil yield and citral content over the 
traditional varieties LS-48 and OD-19 of C, flexuosus that are 
considered the best yielders among available citral-producing 
varieties. The publication of a full report will have to be 
awaited to obtain information about the details of inputs required 
including the optimum fertiliser doses. 
2.5.5 Concluding remarks 
The preceding review on Cymbopogon shows that serious 
research on cultural practices, including fertiliser requirement, 
has been carried out during the last one decade only. Field 
experiments conducted in different agro-climatic regions of the 
country, although prone to criticism in some cases, indicated 
that manipulation of physio-agronomic management, particularly 
with respect to the selection of adaptable varieties, time of 
transplantation, determination of correct harvesting time, plant 
spacing and amount and mode of fertiliser application, could 
result in enhanced yields of herb as well as oil of improved 
quality. 
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It is equally clear from this review that much remains 
to be done if India has to regain the pride of place among the 
exporters of the products of this valuable crop, Infact, more 
rigorous trials are required to be undertaken, particularly in 
regions like Uttar Pradesh, where lemongrass has already shown 
promise to establish and demonstrate its economic credibility so 
that fanners may become inclined to adopt its large-scale 
cultivation not only for their own personal gain but also for 
augmenting the badly needed foreign exchange of their motherland. 
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Materials and Methods 
Three f i e ld experiments were conducted on isubgol (Plantago 
ovata) in successive ' r a b i ' (winter) seasons of the years 1983-85. 
Four f ie ld experiments were conducted on Cymbopogon during 
1984-86 a t the Farm cum Botanical Garden, Aligarh Muslim University, 
Aligarh ( Ind i a ) . The de t a i l s of the prevai l ing agro-cl imatic 
condi t ions-at Aligarh and of the techniques and procedures 
employed in each experiment are given below. 
3.1 Physiography and agro-climate of Aligarh 
Aligarh, an i ndus t r i a l town of western Uttar Pradesh, i s 
s i tua ted 126 km from Delhi, I t has an area of 5,024 sq km and 
stands 27°53' North and 78°4' East and i s 187.4m above sea l e v e l . 
I t experiences cold winters tha t extend from the middle of October 
to the end of March and cons t i tu te the ' r a b l ' season and dry and 
hot summers. During winter, the temperature i s low. The mean 
temperature for December and January, the coldest months, i s about 
15 C and 13 C respec t ive ly with extreme minimum record of 
0.5 C-2 C, In summers, the average temperature for May i s 34,5 C 
and for June, 34 C, whereas the extreme maximum i s about 45*^C. 
The average annual r a i n f a l l i s 847.30 mm, of which more than 8^% 
occurs during June-September and the r e s t in winter coinciding with 
the ' r a b l ' season of crop growth. 
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3.2 Soil characteristics of the field 
The soil of Allgarh district Is typical of western Uttar 
Pradesh, varying from sandy to sandy loam and clayey loam. Before 
sowing the seeds or transplanting the root stock (slips), the 
soil samples were collected from various parts of the experimental 
field selected for each experiment at a depth of 10-15cm. These 
were mixed together to form a composite sample which was later 
analysed in the Soil Testing Laboratory of the Division of Soil 
Science and Agricultural Chemistry, Indian Agricultural Research 
Institute, New Delhi. The physico-chemical properties of the 
soils are given in Table 1. 
3.3 Field preparation and irrigation 
Before the commencement of each experiment, the field was 
thoroughly ploughed to eradicate weeds and also to ensure maximum 
aeration of the soil. After 2-3d, the field was levelled and the 
plots of requisite size were prepared according to the design of 
the experiment. Randomisation was done according to Panse and 
Sukhatme (1985). Standard cultural practices required for the 
cultivation of respective crops were employed. Fertiliser was 
applied by broadcasting. In the experiments on Plantago, as 
per usual practice, a light irrigation was given Just after sowing. 
In all, 5 irrigations and 2 weedlngs were done throughout the 
growth period of this crop. In Cymbopogon, 5-6 irrigations were 
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3.4 Seed and plant materials 
Authentic seeds of Plantago and slips (root stocks) of 
Cymbopogon were obtained from the Central Institute of Medicinal 
and Aromatic Plants, Lucknow (Uttar Pradesh). Seeds of Isubgol 
were tested for their viability by using 1% aqueous solution of 
tetrazollum salt and were surface sterilised with absolute 
ethanol before sowing, 
3.5 Lay-out of the field experiments 
As mentioned earlier, 3 experiments were conducted on 
Plantago and four on Cymbopogon. The detailed methodology, used 
in each experiment, is given in the following pages. 
3.5.1 Experiments 1 and 2 
These experiments on Isubgol were performed in sandy loam 
soil according to simple randomised block design during 'rabi' 
season of 1983-84. The physico-chemical analyses of the soils of 
experimental field are given in Table 1. In Experiment 1, the 
effect of seven sowing dates (15 October, 25 October, 4 November, 
14 November, 24 November, 4 December and 14 December) and in 
Experiment 2, of five seed rates (2.5, 5.0, 7.5, 10.0, 12.5 kg 
seeds/ha) on growth and yield parameters and on quality parameters 
of seeds of Plantago ovata was studied. Each treatment was 
replicated thrice. 
A basal dose, comprising 40 kg N and 10 kg P/ha, in the 
form of commercial grade urea and monocalclum superphosphate 
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respectively, was applied Just before sowing. As potassium 
application is not generally recommended for isubgol cultivation 
and as chemical analyses of the soils of the experimental site 
revealed sufficient quantities of this nutrient (Table 1), 
potassium was not applied. In the case of Experiment 1 on sowing 
date, the seed rate was kept 7.5 kg/ha and in Experiment 2 on 
seed rate, sowing was done on 21 October (Afridi-unpublished). 
Sowing was done in 10 sq m plots in rows 22.5 cm apart. 
3.5.2 Experiment 3 
This experiment on isubgol was conducted in the 'rabi' 
season of 1984-85 after the optimum sowing date and seed rate were 
determined for the local conditions (Experiments 1 and 2). 
The aim of the experiment was to investigate the optimum basal 
dose of nitrogen and phosphorus fertilisers on the basis of growth 
and yield parameters and the quality of the seeds under the 
agro-climate of Aligarh. 
In a factorial randomised lay-out, four basal levels each 
of nitrogen (0, 20, 40 and 60 kg N/ha) and of phosphorus (O, 5, 10 
and 15 kg P/ha), in the form of urea and monocalcium superphosphate 
respectively, were applied individually as well a^ in all possible 
combinations in 10 sq m plots containing sandy loam soil (Table 1). 
Each treatment was replicated thrice. As in Experiments 1 and 2, 
potassium was not applied. The seeds were sown in rows 22.5 cm 
apart on 25 October, 1984 at the rate of 7.5 kg/ha. 
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3.5.3 Experiment 4 
This field experiment was started during the rainy season 
(August) of 198A-85 on three varieties of Cymbopogon, namely 
C. flexuosus var. OD-19, C, pendulus var. RRL-16 and C. martinii 
var, motia. The physico-chemical properties of the field are 
given in Table 1, In this experiment, six combinations of basally 
applied nitrogen, phosphorus and potassium were selected, based 
on economic considerations (Table 2). Nitrogen was given in two 
splits partly at transplantation and partly after first harvest 
(cut), except in the control in which the entire dose of nitrogen 
(250 kg N/ha) was applied with 55 kg P and 100 kg K/ha at 
transplantation. This NPK combination had proved to be optimum 
in an earlier study undertaken at Aligarh (Yarshney, 1983). The 
full dose of phosphorus and potassium was applied with the first 
split dose of nitrogen. The aim of the experiment was to establish 
the NPK dose conducive to optimal performance of each of three 
varieties of Cymbopogon. It was also envisaged to compare the 
superiority or otherwise of supplemental top dressing with 
nitrogen over the control, receiving the entire 250 kg N/ha at 
transplantation only. The design of the experiment was factorial 
randomised, with six selected NPK combinations as one variable 
and the three varieties as the other. Each treatment was 
replicated thrice. The sources of nitrogen, phosphorus and 
potassium used, were urea, monocalcium superphosphate and muriate 
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were raised in a nursery prepared at the onset of monsoon. Plant 
to plant and row to row distance was maintained at 50 x 50cm in 
5 aq m plots. 
3.5.4 Experiment 5 
This experiment was carried out along with Experiment 4 
in 1984-85 according to a factorial randomised block design. The 
aim of this field trial was to study the effect of three spacings 
(25 X 25cm, 50 x 50cm and 75 x 75cm) on growth, yield and quality 
parameters of £« flexuosus var. 0EH19 and £. pendulus var. RRL-16, 
Preparation of the required 18 experimental plots (3 treatments x 
2 varieties x 3 replicates) of 5 sq m size was done as per standard 
agricultural practices. A fertiliser dose of 150 kg N in two 
equal splits as urea and 50 kg each of P and K/ha as monocalcium 
superphosphate and muriate of potash respectively was applied at 
transplantation, with the second split of nitrogen being applied 
soon after first cut. The soil was analysed before transplantation 
and its details are given in Table 1. The transplantation, time 
and method of split application of nitrogen and other cultural 
practices were the same as in Experiment 4. 
3.5.5 Experiment 6 
This f a c t o r i a l randomised experiment was conducted during 
1985-86 on sandy loam s o i l (Table 1) s e l e c t i n g t h r ee basa l NPK 
combinations with 100, 150 o r 200 kg N, 25 , 35 or 45 kg P and 
40 , 60 or 80 kg K/ha on the b a s i s of the data of Experiment 4 . 
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It was designed to study the comparative efficacy of the applicatio: 
of nitrogen in two or three splits with regard to growth, yield 
and quality parameters of three selected varieties of Gymbopogon, 
Nitrogen was broadcast in two equal splits at transplantation and 
after taking first cut. The third split of nitrogen, where given, 
was applied two months after second cut when the crop had resumed 
growth after undergoing a dormant period. Thus, in all, there 
were six treatments i.e. three NPK combinations, each incorporating 
two methods of nitrogen application (2 or 3 splits) and three 
varieties as shown in Table 3. Each treatment was replicated 
thrice. The sources of N, P and K were urea, monocalcium 
superphosphate and muriate of potash respectively. The full dose 
of phosphorus and potassium was applied at transplantation along 
with the first split of nitrogen. The size of each plot and other 
cultural operations were similar to those of Experiment 4. The 
optimum spacing (50 x 50cm), obtained in Experiment 5» was 
maintained, 
3.5.6 Experiment 7 
The last experiment was performed simultaneously with 
Experiment 6 in 1985-86. In a factorial randomised block design, 
three spacing3(25 x 25cm, 50 x 50cm and 75 x 75cm) and two 
fertiliser doses (150 kg N, 35 kg P and 60 kg K and 200 kg N, 
45 kg P and 80 kg K/ha) were tried in all possible combinations 
on £. martinii, each with three replications. The two NPK 
combinations were selected on the basis of their optimum (albeit 





















































































































































































• H CO 












































































+ O O 






















































of this variety in Experiment 4. As in earlier trials, nitrogen, 
phosphorus and potassium were applied in the form of urea, 
monocalcium superphosphate and muriate of potash respectively. 
Nitrogen was applied in two splits as in Experiment 4, 
The aim of this field experiment was to find out the 
optimum spacing for C, martinii with respect to each applied 
fertiliser combination under local conditions. The details of 
cultural practices followed, including the size of bed, time of 
transplantation and harvest and the details of nitrogen appMration, 
were based on the results of the earlier three experiments on 
Cymbopogon. The physico-chemical properties of the soil of the 
experimental field are given in Table 1, 
3.6 Sampling techniques for Plantago 
In Experiments 1-3, three plants were uprooted randomly 
from each plot at the time of sampling and were studied for the 
following growth, yield and quality parameters and leaf NPK contents 
using standard methods. Sampling was done at 60, 90 and 120d after 
sowing for growth parameters and leaf NPK contents and at 90, 120d 
and at harvest for yield and quality parameters. The time for 
harvesting the crop was decided by pressing the spikes when ripe 
seeds come out. The plants were threshed manually to get the 
seed yield. 
3.6.1 Population density 
The number of plants/ha (population density) was recorded 
in Experiments 1 and 2 on isubgol. Plants were counted by placing 
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a quadrat of 1 m'^  randomly at three different sites in each 
plot when the crop was one month old. The value was utilised 
to obtain the number of plants/ha by simple computation. 
3.6.2 Growth parameters (at 60, 90 and 12Qd) 
(i) Plant length (cm) 
(ii) Culm number per plant 
(iii) Leaf number per plant 
(iv) Leaf area (cm ) 
(v) Fresh weight per plant (g) 
(vi) Dry weight per plant (g) 
(vii) Net assimilation rate (g/cm /d) 
(viii) Relative growth rate(/d) ^  
3.6.3 Leaf NPK contents (at 60, 90 and 120d) 
(i) Leaf nitrogen content (%) 
(ii) Leaf phosphorus content (%) 
(iii) Leaf potassium content {%) 
3.6.^ Yield parameters (at 90 and 12Qdand 8Lt harvest) 
(i) Number of spikes per plant 
(ii) Spike length (cm) 
(iii) Number of flowers per spike 
(iv) Seed yield (kg/ha) 
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3.6.5 Quality parameters of seeds (at harvest) 
(1) Hecto-litre weight (kg/hecto-1) 
(ii) Swelling factor (ml) 
(iii) Moisture content {%) 
(iv) Ash content {%) 
(v) Protein content i%) 
3.6.6 Net assimilation rate (NAR) and relative growth rate (RGR) 
NAR and RGR were calculated by the following formulae 
according to Milthorpe and Moorby (1979): 
NAR 
(Vl^ -W^ ) (In L^  - In L^) 
or. NAR - ^ y y X ^'^Q^ ^ ^^gl0V^^gl0h) 




w h e r e , 
( I n W2 - I n W^) 
2 . 3 0 3 ( log^gW^-log^QW^) 
(Vt^) 
W^  = Dry weight of t he p l a n t a t a given growth s tage 
L^  a To ta l l e a f a rea of the p l a n t a t a given growth 
s tage 
t^ = Number of d upto a given growth s tage 
W_ » Dry weight of t h e p l a n t a t the growth s tage 
"^ fo l lowing W^  
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Lp " Total leaf area of the plant at the growth 
stage following L. 
tp = Number of d upto the growth stage following t^  
In = logarithm to base e 
log^^ = logarithm to base 10 
Total leaf area of the plant was computed by multiplying 
average leaf area with the number of effective (green) leaves 
per plant. 
3.6 .7 Hecto-lltre weight 
The hec to~l i t re weight was measured by weighing a known 
volume of seeds and converting i t to kg/hecto-1 . 
3.6.8 Swelling factor 
The swelling factor (mucilage content) was measured 
according to the method of the Pharmacopoeia of India 
(Anonymous, 1955) summarised below. 
1g seeds were agitated gently and occasionally for 24h 
in a 25 ml stoppered measuring cylinder filled upto 20 ml mark 
with water. Thereafter, they were allowed to stand undisturbed 
for 1h so as to occupy a volume of not less than 10 ml. The 
swelling property of the seeds was measured by reading the actual 
level of the swollen mass in the measuring cylinder i.e. the final 
volume occupied by it as a result of adsorption of water. 
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3»6,9 Ash content 
For ash content, the powdered seeds were subjected to 
combustion a t 600°C for 6h in a porcelain crucible in a muffle 
furnace. 
3.6,10 Protein extraction 
Seed proteins were extracted by adopting the method of 
Yih and Clark (1965) which is briefly given below. 
The seeds were dried and powdered finely with the help of 
a pestle and mortar. The powder was passed through a 72 mesh 
screen, 50 mg of each sample was weighed and transferred to a 
mortar. The powder was ground well after adding 1 ml of cold 
3% trichloroacetic acid (TCA), This ground homogenate was 
collected in a centrifuge tube with repeated washings with TCA, 
The volume was made upto 5 ml with 5% TCA and kept for 1h at room 
temperature to allow complete precipitation of proteins. The 
samples were then centrlfuged at 4,000 rpm for 15 min and the 
supernatant was discarded. To the residue, 5 ml of 1N sodium 
hydroxide solution was added and shaken well to mix it completely. 
It was kept for half an hour in a water bath running at 60 C 
so as to dissolve the precipitated proteins completely. After 
cooling for 15 min, the mixture was again centrifuged at 4,000 rpm 
for 15 min. The supernatant, containing the proteins, was 
collected in a 25 ml volumetric flask with 1-2 washings of the 
residue with IN NaOH and the volume was made upto the mark with 
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distilled water. If found out of range, the extract was further 
diluted suitably and used for estimation of total proteins in 
the seeds for which the method of Lowry et^  al, (1951), given 
below, was adopted. 
3.6.11 Protein estimation 
Total proteins were measured in solution after precipitating 
them with acids. The estimation involved two major steps i.e. 
preparation of reagents and colour development. 
Reagents for protein estimation 
Reagent 'A* : 0.5% copper sulphate solution and ^% sodium tartarate 
solution in 1:1 ratio. 
Reagent 'B' : Carbonate-copper sulphate solution (50 ml of 2% 
sodium carbonate solution mixed with 1 ml of reagent 'A'). 
Reagent *C' : IN diluted acid Folin reagent: lOOg sodium tungstate 
and 25g sodium molybdate were dissolved in 700 ml distilled water 
in a 1,000 ml volumetric flask. To this, 50 ml 83% phosphoric 
acid and 100 ml concentrated hydrochloric acid were added. The 
flask was then connected with a reflux condenser and boiled gently 
on a heating mantle for 10h. At the end of reflexion, 150g 
lithium sulphate, 50 ml distilled water and three to four drops 
of liquid bromine were added to the flask. The reflux condenser 
was removed and the solution in the flask was boiled for 15 min to 
remove excess bromine, cooled and diluted to 1,000 ml. 
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This Folin-phenol reagent was titrated with sodium 
hydroxide solution to make it IN using phenolphthalein as an 
indicator. 
Colour development : To a 1 ml aliquot of protein extract, taken 
in a test tube, was added 5 ml reagent 'B' and it was allowed to 
stand for 10 min. Thereafter, 0.5 ml reagent 'C was mixed by-
stirring rapidly and the test tube kept for half an hour for 
maximum colour development. The transmittance of the samples was 
noted at 660 nm on a 'Spectronic 20' colorimeter, A blank 
containing distilled water and reagents 'B* and *C* was run 
simultaneously with each sample. The protein content of the 
sample was calculated by comparing its optical density with a 
calibration curve plotted by using known dilutions of a standard 
egg albumen solution. 
3.7 Sampling techniques for Cymbopogon 
In Experiments 4-7, the response of three varieties of 
Cymbopogon to nutrient application and spacing was studied at three 
cuts (harvests) separately. Thus the plants were sampled in 
October (60d after transplantation), December (60d after first 
cut) and April of the following year (60d after the start of fresh 
growth in February following winter dormancy) to determine the 
growth, yield and quality parameters and leaf NPK contents 
mentioned below. The data for yield parameters were pooled to 
compute total annual production of herb, oil and citral/geraniol 
in each of the four experiments. 
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Two points of deviation may be noted here from the sampling 
techniques adopted for Plantago (section 3.6, pp. 68-70): 
(1) the three plants to be sampled were not pulled out of the soil 
with roots, as Cymbopogon is a perennial crop. Only the shoots 
of the plants were sampled, and 
(2) NAR and RGR could not be calculated. These two parameters are 
measured by the increment in dry matter production in a given span 
of time (Section 3.6,6, pp. 70-71), In Cymbopogon, cuts were 
taken at short intervals and the entire aerial portion of the 
plants in each bed was removed at the time of each cut for 
determining the total herb yield of the crop. Therefore, the value; 
for the difference in leaf area and dry weight for two successive 
cuts and hence for the two attributes (NAR and RGR) could not be 
computed. 
3.7.1 Growth parameters at each cut 
(i) Shoot length (cm) 
(ii) Culm number per plant 
(iii) Leaf number per plant 
(iv) Leaf area (cm ) 
(v) Fresh weight per plant (g) 
(vi) Dry weight per plant (g) 
3.7.2 Leaf NPK contents at each cut 
(i) Leaf nitrogen content {%) 
(ii) Leaf phosphorus content (9i) 
(iii) Leaf potassium content {%) 
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3.7.3 Yield parameters at each cut and of three cuts together 
(1) Herb yield at each cut (metric tons/ha) 
(ii) Pooled herb yield of 3 cuts (metric tons/ha) 
(iii) Essential oil yield at each cut (kg/ha) 
(iv) Pooled essential oil yield of 3 cuts (kg/ha) 
(v) Citral or geraniol yield at each cut (kg/ha) 
(vi) Pooled citral/geraniol yield of 3 cuts (kg/ha) 
3.7.4 Quality parameters at each cut 
(1) Essential oil content (v/w) of herbage (%) 
(ii) Citral/geraniol content of essential oil {%) 
3.7.5 Essential oil of Cymbopogon 
The essential oil in the fresh herbage was extracted by 
steam distillation and was estimated on v/w basis. The main 
constituent (citral/geraniol) of the oil was estimated using 
analytical Gas Liquid Chromatography (GLC). 
3.7.5.1 Extraction and estimation 
The essential oil of Cymbopogon was extracted using 
Clevenger's apparatus. This is a continuous distillation assembly 
in which the separated volatile oil is trapped in the graduated 
measuring tube and its content noted on v/w basis as per details 
given below. 
The leaves were chopped into small pieces preferably with 
slanting edges which ensured maximum recovery and facilitated the 
77 
extraction of essential oil. Each sample of 100g chopped leaf 
pieces was packed inside the distillation flask and water was 
added before being connected to the still head. The condenser 
was attached to a water tap. Air bubbles in the graduated inlet 
tube of the condenser were carefully removed by pressing the 
connecting rubber tubing. The contents of the flask were then 
heated at 70-80°C using a heating mantle. After sometime, a 
mixture containing steam and essential oil passed through the 
condenser where it got condensed. As the distillation proceeded, 
the distillate was collected in the graduated tube of the 
receiver. The oil, being lighter than (and insoluble in) water, 
floated over the surface in the receiver. Heating was continued 
for about 90 min for each sample. The apparatus was allowed to 
cool for 10 min. The volume of the essential oil collected in 
the measuring tube provided a direct measure of the oil content in 
the leaves. 
3.7.5.2 Essential oil yield . , 
The essential oil yield per hectare was calculated with the 
help of herbage yield per hectare and the respective essential 
oil percentage. 
3.7.5.3 Quality evaluation of the essential oil 
The chief, economically important, constitutents (citral 
in C, flexuosus and £» pendulus and geraniol in £. martinii) 
of the extracted essential oil were estimated by using GLC. The 
response of the individual component was plotted on the 
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chromatogram as a succession of peaks versus time above a base 
line. The area under the peak provided a quantitative indication 
of the component and the retention time (between injection and 
emergence of the peak) served to identify it, 
Citral and geraniol in the respective essential oil wei^ e 
identified by comparing their peaks with those of authentic pure 
samples run side by side under the same conditions. The percentage 
of a particular constitutent was obtained by dividing its peak area 
by the total peak area of all the constituents and multiplying by 
100. 
Gas chromatography was performed either on a 'CIC-C-85' 
model attached to a' 'EPSON MX-80 F/T III' recorder or on 'Perkin 
Elmer F-11 Varian Autoprep 1868-4' under the following conditions 
which were kept the same for both models. 





Sample quantity injected 
15?^  Carbo-wax 20M 
Nitrogen 
Hydrogen 
Flame lonisation Detection 
160°C 
0,6 Ml 
3 .7 .5 .4 Citral and geraniol yie ld 
The per hectare yield of c i t r a l or geraniol was computed by 
multiplying the e s s e n t i a l o i l yield per hectare with the respective 
percentage in the o i l . 
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3.8 Leaf NPK contents of Plantago and Cymbopogon 
In all the seven experiments, leaf samples were analysed 
at various growth stages (Section 3.6 and 3.7,pp. 69 and 75) for 
assessing their nitrogen, phosphorus and potassium status. The 
sampled plants were dried for 24h in an oven at 80 C. Fully-
expanded leaves were plucked, finely powdered and passed through 
a 72 mesh screen. The dried powder was digested according to 
Lindner (1944) for the analysis of leaf NPK as per details given 
below, 
3.8,1 Digestion of leaf powder 
100 mg of dried leaf powder was carefully transferred to a 
50 ml KJeldahl flask and 2 ml chemically pure sulphuric acid was 
added. The contents in each flask were heated on a digestion 
rack for about 2h to allow complete reduction of nitrates present 
in the plant material. Initially, dense white fumes were given 
off and then the contents turned black. After cooling the flask 
for about 15 min, 0.5 ml 3094 hydrogen peroxide was added drop-wise 
and the solution was heated again till its colour changed from 
black to light yellow, Jfeating was continued for about 30 min 
and then the flask was kept for 10 min for cooling. An additional 
amount of 3-4 drops of 309^  hydrogen peroxide was added, followed 
by gentle Ideating for another 15 min to get a clear and colourless 
extract. At this stage, care was taken in the addition of hydrogen 
peroxide because its excess might oxidise ammonia in the absence 
of organic matter. The sulphuric acid-peroxide digested material 
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was diluted with double distilled water and transferred with three 
or four washings to a 100 ml volumetric flask and finally the 
volume was made upto the mark. 
For further analysis of nitrogen, phosphorus and potassium, 
desired aliquots were taken from these digested samples. The 
methods employed for the estimation of these elements are briefly 
summarised below, 
3.8,2 Estimation of nitrogen 
For the estimation of nitrogen in the sample, the method 
of Lindner (1944) was adopted, A 10 ml aliquot of the digested 
material was taken in a 50 ml volumetric flask. The excess of 
acid was partially neutralised with 2 ml of 2.5N sodium hydroxide. 
1 ml 109i sodium silicate was added to prevent turbidity and 
finally, the volume was made up, A 5 ml aliquot of this solution 
was taken in a 10 ml graduated test tube and 0.5 ml Nessler's 
reagent was added drop by drop, mixing thoroughly after each 
instalment. After adding distilled water to make up the volume, 
the contents were allowed to stand for about 5 min for maximum 
colour development. The solution was then transferred to a 
colorimetric tube and the optical density was measured at 525 nm 
on a 'Spectronic 20' colorimeter, A blank was run with each set. 
The amount of nitrogen in the aliquot was read from a calibration 
curve, obtained by using known dilutions of a standard armnonium 
sulphate solution. 
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3.8.3 Estimation of phosphorus 
Total phosphorus in the digested solution was determined 
by the method of Fiske and Subba Row (1925). A 5 ml aliquot was 
taken in a 10 ml graduated tube and 1 ml molybdic acid (2.5% 
ammonium molybdate in ION sulphuric acid) was carefully added, 
followed by the addition of 0,h ml 1:2:4-aminonaphthol- sulphonic 
acid (1-amino-2-naphthol^-sulphonic acid), which turned the 
colour of the contents blue. Distilled water was added to make 
up the volume to 10 ml and the solution was allowed to stand for 
5 min after mixing thoroughly. It was then transferred to a 
colorimetric tube and the optical density was read at 620 nm on 
a 'Spectronic 20' colorimeter. A blank was run simultaneously for 
each determination. A standard curve of known dilutions of 
monobasic potassium phosphate solution was plotted. The optical 
density of each sample was compared with this calibration curve 
to determine its phosphorus content. 
3.8.4 Estimation of potassium 
The leaf potassium content was estimated flame photometrically 
A 10 ml aliquot of the digested powder was taken and was read by 
using the 'photocell for potassium'. A blank was run side by side. 
The readings were compared with a calibration curve, plotted using 
known dilutions of a standard potassium sulphate solution. 
3.9 Statistical analysis 
The data of each experiment were analysed statistically 
according to its design by adopting the models of analysis of 
82 
variance (ANOVA), based on Panse and Sukhatme (1985), which are 
given in Tables 4(a), 4(b) and 4(c). The 'F' test was applied to 
detennine the significance of the data at P = 0.05 level of 
probability. Critical difference (C.D.) among the values was also 
computed to determine the statistical significance of the data. 
Association of growth parameters and leaf NPK contents with 
various yield and quality parameters was determined by computing 
correlation coefficients (r). For this purpose, the values for 
correlation coefficient significant at P = 0.01 and 0.05 were 
calculated using the formula: 
r = £ (x-x) (y-y) 
Z~2 ZTT" 
(x-x) X (y-y) 
X = Independent parameter (x = mean) 
y = Dependent parameter (y » mean) 
To test the significance of the r value, the following 
formula was applied: 
Test of significance (f) - r x / ^ 
s' 1~r 
n = Number of total observations 
» Number of treatments x number of replicates 
If t' value was found greater than that of predicted 
t value, obtained from the table at P => 0.01 and 0.05 levels of 
probability, the value for r (correlation coefficient) was 
declared to be significant in that order. 
Table 4(a). Models of analyses of variance (ANOYA) employed in 
Experiments 1-3 
Experiment 1 (Simple randomised block design) 





Experiment 2 (Simple 
Source of v a r i a t i o n 
20 
randomised block des ign) 





Experiment; 5 (Factorial randomised block design) 
Source of variation D.F. S.S. M.S.S. 
Replications 2 
Nitrogen (N) 3 
Phosphorus (P) 3 
Interactions (NxP) 9 
Error 30 
Total 47 
Table 4(b). Models of analyses of variance (ANOVA) employed in 
Experiments^ and 5 
Experiment 4 (Factorial randomised block design) 
Source of variation D.F. S.S. M.S.S. F 
Replications 2 
Treatments (NPK) 5 
Varieties (V) 2 
Interactions (NPKxV) 10 
Error 34 
Total 53 
Experiment 5 (Fac tor ia l randomised block design) 
Source of va r i a t ion D.F, S.S. M.S.S. F, 
Replications 2 
Treatments (S) 2 
Var ie t i es (V) 1 
In te rac t ions (SxV) 2 
Error 10 
Total 17 
Table 4(c). Models of analyses of variance (ANOVA) employed in 
Experiments 6 and 7 
Experiment 6 (Factorial randomised block design) 












Experiment 7 (Factorial randomised block design) 
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Experlaental Rftsults 
Out of seven field experiments, three were conducted on 
Plantago (Experiments 1-3) and four on Cymbopogon (Experiments 
4-7). The performance of Plantago was ad;3udged on the basis of 
growth parameters (including NAR and RGR), leaf NPK contents and 
yield and seed quality parameters at three stages of growth, 
namely 60, 90 and 120d after sowing and at harvest. In 
experiments on Cymbopogon, the effect of nutrient application and 
spacing was studied on growth parameters, leaf NPK contents and 
yield and quality parameters at three cuts. The first two cut 
were taken in October and December at intervals of two months 
each and the third in April next year i.e. two months after the 
crop resumed growth following a dormant period. Results obtained 
from these experiments are summarised in Tables 5 to 69 and are 
briefly described below. 
4,1 Experiment 1 
This simple randomised field experiment was carried out 
to select the best out of seven sowing dates (15 October, 
25 October, 4 November, 14 November, 24 November, 4 December and 
14 December) for successful and economical cultivation of 
Plantago ovata (isubgol) in the region. The assessment of its 
performance was based on growth parameters and leaf NPK contents 
at 60, 90 and 120d after sowing, yield parameters at 90 and 120d 
and at harvest and quality parameters of harvested seeds. In 
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addi t ion , population density was noted in t h i s experiment (as 
a l so in Experiment 2 ) . The data are b r i e f ly described below 
and are summarised in Tables 5 - 1 0 , 
4.1.1 Population density 
The effect of sowing date on plant population (number of 
plants per hectare) was significant (Table 5). Sowing on 
25 October produced maximum number of plants, the effect being at 
par with 15 October and 4 November sowings. On the other hand, 
14 December sowing gave the lowest value. The increase in plant 
density in 25 October over 14 December sowing was 64.59i. 
4.1.2 Growth parameters 
Growth parameters included plant length, culm and leaf 
number per plant, leaf area, fresh and dry weight per plant and 
NAR and RGR. NAR and RGR could be computed only at 60-90d and 
90-120d periods. Sowing date was noted to affect all parameters 
significantly (Tables 5-7). 
4.1.2.1 Plant length 
The effect of sowing date on plant length was significant 
at all growth stages (Table 5). Maximum plant length was recorded 
in 25 October sowing at the three stages of growth. Sowing on 
14 December, the last sowing date, gave minimum value throughout 
the growth period. Sowing on 25 October resulted in 73.3, 89.3 
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120d respec t ive ly . The ef fec t of 25 October sowing was followed 
by tha t of 4 November a t the f i r s t two stage; but the two dates 
proved equally effect ive a t 120d. There was a gradual decline in 
the value with delay in sowing a f t e r 25 October. In te res t ing ly , 
sowing on 15 October and 24 November proved a t par in t h e i r 
e f fec t s on plant length a t a l l the s tages , 
4.1.2.2 Cula nuMber 
The effect of sowing date with regard to culm number per 
plant was significant at the three stages (Table 5). 25 October 
sowing gave maximum number of culms at each stage, surpassing 
14 December sowing by 184.8, 166.6 and 221.29< at 60, 90 and 120d 
stage respectively. Sowing on 14 December gave significantly 
lowest value. The optimum sowing date i.e. 25 October produced 
culms vrtiich were at par with those of 4 November sowing at three 
stages, whereas 4 November gave at par value with 14 November 
at 60 and 90d stage. 
4.1.2.3 Leaf nuaber 
Total leaf number per plant gave significant response to 
sowing date (Table 5). 25 October sowing produced maximum number 
of leaves. At 60d stage, its value was at par with those for 
15 October and 4 November sowing and at 90d with 15 October, 
4 November and 14 November sowings. At each stage, 14 December 
sowing resulted in lowest value for total leaf number per plant. 
Sowing on 25 October produced 19.3, 25«3 and 25.29^  more leaves than 
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on 14 December a t 60, 90 and 120ci s tage of growth r e s p e c t i v e l y , 
4.1.2.4 Leaf area 
The effect of sowing date on average leaf area was 
significant at all the stages (Table 6). The value for leaf area 
was noted to be maximum in 25 October sowing at each of the three 
stage; but it was at par with that in 4 November sowing at 60 and 
120d. On the other hand, 14 December sowing gave significantly-
minimum leaf area which was surpassed by 25 October by 28,3, 29,7 
and 3^,0% at 60, 90 and 120d respectively. A gradual decline in 
values was noted as the sowing was delayed beyond 25 October, 
Early sowing on 15 October proved at par with 14 November at 
60 and 90d and with 24 November sowing at 120d stage for this 
parameter, 
4.1.2.5 Fresh weight 
At all the stages, significant maximum value for fresh 
weight per plant was recorded in 25 October sowing which was 
followed by that in 4 November sowing at 60 and 120d (Table 6 ). 
Minimum fresh weight was noted in 14 December sowing at each stage. 
Sowing on 25 October gave 146,5, 148,9 and 117.794 higher values for 
fresh weight than that on 14 December at 60, 90 and 120d 
respectively. Sowing the crop on 15 October, 4 November and 
14 November resulted in statistically equal values for this 
















































































































































































































































































































































































4 . 1 . 2 . 6 Dry weight 
Ef fec t of sowing date on dry weight per p l a n t was s i m i l a r 
t o t h a t on f resh weight (Table 6 ) . Sowing on 25 October proved 
b e s t a t each s tage of p l a n t growth. Late sowing (14 December), 
on the o t h e r hand, gave the lowest value a t a l l s t ages and 
25 October sowing surpassed i t by 8 9 . 5 , 137.0 and 151.5% a t 60, 
90 and 120d r e s p e c t i v e l y . Sowing on 4 November and 14 November 
proved a t pa r fo r t h i s parameter a t 90 and 120d, while the value 
f o r 15 October , 14 November and 24 November were a t pa r a t 60d. 
4.1.2.7 Net a s s i m i l a t i o n rate (NAR) 
NAR, computed fo r 60-90d and 90-120d p e r i o d s , was found 
t o be s i g n i f i c a n t l y a f f e c t e d by sowing date (Table 7 ) . 25 October 
sowing e x h i b i t e d maximum NAR a t both the i n t e r v a l s . The t r ea tmen t 
(25 October sowing) inc reased NAR by 159.834 a t 60-90d and 157.0?4 
a t 90-120d over 14 December sowing, t h a t gave the lowest va lue a t 
t h e two i n t e r v a l s . The optimum and minimum valueswere c r i t i c a l l y 
d i f f e r e n t from those for a l l o the r sowings. At f i r s t time pe r iod , 
a l l the values d i f f e r e d c r i t i c a l l y from each o t h e r . At second 
i n t e r v a l , the value for 15 October and 4 December on the one hand 
and fo r 4 November, 14 November and 24 November,on the o t h e r , 
proved a t p a r . In g e n e r a l , NAR showed a d e c l i n e a t the second 
i n t e r v a l . 
4 . 1 . 2 . 8 Re la t i ve growth r a t e (RGR) 
This parameter was a l so e s t ima ted fo r the time i n t e r v a l s 
60-90d and 90-120d f o r both of which 25 October sowing proved 
Table 7 . Ef fec t of sowing da te on ne t a s s i m i l a t i o n r a t e (NAR) 
and r e l a t i v e growth r a t e (RGR) of i subgol a t 6o-90d 
and 90- l20d per iod (Mean of t h r ee r e p l i c a t e s ) 
NAR ( X 10"^g/cin^/d) RGR ( x lO~^/d) 
Treatments Time i n t e r v a l (d) 




































C D . a t 5% 0.32 0 .26 0 .74 0.21 
N.B. A uniform basa l dose of 40 kg N and 10 kg P/ha was app l i ed 
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best (Table? ). It was equalled by 4 November sowing at first 
interval. 25 October sowing enhanced RGR by ^30,^% at first and 
by 91.6% at second interval over the respective value for 
14 December. The value for 14 December sowing was minimum at both 
intervals; but was at par with that for 4 December at 60-90d. 
4.1.3 Leaf NPK contents 
Data for nitrogen, phosphorus and potassium contents in 
fully expanded leaf blades of isubgol at 60, 90 and 120d stage 
of growth, as affected by sowing date, were found to be significant 
and are presented in Table 8, 
4.1.3.1 Leaf-N 
Leaf n i t r o g e n conten t was a t pa r for many sowing da te s 
a t t h r e e s t a g e s (Table 8 ) . Maximum leaf-N con ten t was given by 
25 October sowing. I t s e f f e c t was a t pa r with t h a t of 15 October, 
4 November and 14 November sowings a t 60d, At 90d, i t equa l l ed 
the value fo r 15 October and 4 November and a t 120d, 4 November 
sowing. Leaf-N conten t was lowest i n p l a n t s sown on 14 December 
a t the t h r e e s t a g e s . I t was, however, a t p a r a t 60 and 90d with 
t h a t in p l a n t s sown on 4 December. Sowing on 25 October r e s u l t e d 
in 3 4 . 6 , 25 .7 and 29.09i h ighe r leaf -N con ten t a t 60, 90 and 120d 
r e s p e c t i v e l y over the value fo r 14 December, 
4.1.3.2 Leaf-P 
The phosphorus content in leaves was significantly affected 
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was noted from the optimum (25 October) t o the l a s t sowing. The 
va lue f o r 25 October was a t p a r with those f o r 15 October, 
4 November and 14 November sowings a t a l l s t a g e s . On the c o n t r a r y , 
14 December r e g i s t e r e d c r i t i c a l l y lowest va lue a t 60, 90 and 120d; 
bu t i t s e f f e c t was e q u a l l e d by 4 December sowing a t 90d s t a g e . 
An inc rea se i n l e a f - P con ten t of 5 . 8 , 6.1 and 17.69i over t h a t in 
14 December sowing was recorded i n 25 October a t 60, 90 and 120d 
sampling s t a g e r e s p e c t i v e l y . 
4 . 1 . 3 . 3 Leaf-K 
The e f f e c t of sowing da te was s i g n i f i c a n t with regard to 
l e a f -K con ten t a l s o (Table 8 ) . At 60d, p l a n t s sown on 15 October 
(being a t pa r with 4 November and followed c l o s e l y by 25 October 
sowing) gave the h i g h e s t v a l u e . At 90d, 25 October ( equa l l ed by 
15 October, 4 November, 14 November and 24 November and a t 120d, 
by 15 October and 4 November sowings) , gave h i g h e s t l ea f -K. The 
e f f e c t of 14 December was poores t a t a l l the s t a g e s . P l an t s sown 
on 25 October possessed 7 . 4 , 5 .6 and 8.1% h ighe r leaf -K than those 
sown on 14 December a t 60, 90 and 120d r e s p e c t i v e l y . 
4 . 1 , 4 Yield parameters 
Among y i e l d a t t r i b u t e s , spike number per p l a n t , spike 
l e n g t h , f lower number per sp ike and seed y i e l d were s tud ied a t 
90 and 120d as wel l a s a t h a r v e s t . The e f f e c t of sowing date was 
s i g n i f i c a n t fo r each parameter s t u d i e d . The data are p resen ted 
below (Tables 9 - 1 0 ) . 
90 
4.1.4.1 Spike number 
It may be noted from Table 9 that maximum number of spikes 
per plant was produced when sowing was done on 25 October; whereas 
14 December sowing gave significant lowest value at each stage. 
The value recorded for 25 October was at par with that for 
4 November sowing at 90d and at harvest. Similarly, the values 
for 15 October, 4 November and 14 November were at par at 90d and 
at harvest. Plants sown on 25 October produced 112.1, 65.0 and 
110.996 more spikes than those on 14 December at the three sampling 
stage respectively. 
4.1.4.2 Spike length 
With regard to the effect of sowing date on length per spike, 
a trend similar to spike number per plant was noted; but at first 
two stage, the values for early sowing dates proved to be at par 
(Table 9). At 90d, 25 October sowing was equalled by 15 October, 
4 November and 14 November, At 120d, it was equal in value with 
15 October and 4 November and, at harvest, with 4 November sowing. 
14 December sowing (equalled by that on 4 December at 120d) 
produced shortest spikes at all the stages studied. In general, 
spike length maintained an increasing trend with the advancement 
in sampling stage and longest spikes were recorded at harvest. 
4 .1 .4 .3 Flower number 
Table 9 indicates that sowing on 25 October proved optimum 






















































































































































































































































































































































































































































































































































































































different from those for other sowing dates at 120d and at harvest; 
but at 90d, its effect was at par with those of 15 October, 
4 November and 14 November sowings. The significant lowest value 
for this parameter was recorded in last sowing. A gradual decrease 
in flower number per spike was observed as sowing was prolonged 
beyond 25 October. 
4.1.4.4 Seed yield 
Table 10 clearly indicates that sowing date had a profound 
effect on this most important yield parameter. Sowing on 
25 October proved optimum for seed yield; but it was at par with 
that of 4 November, The latter sowing, in turn, was at par in its 
effect with those of 15 October and 14 November sowings. It may 
be noted that 25 October sowing produced 1,225.7 kg seeds/ha 
(376.9%) more than the seed yield given by 14 December sowing that 
exhibited most adverse effect on this parameter (producing only 
257.0 kg seeds/ha and being equalled by 4 December). 
4.1.5 Seed quality parameters 
At harvest, the quality of seeds of isubgol was assessed 
by determining hecto-litre weight and swelling factor as well as 
moisture, ash and protein content. The effect of sowing date 
on all these parameters was noted to be significant. The results 
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4 .1 .5 .1 Hecto-l ltre weight 
A perusal of Table 10 c l ea r ly indicates tha t 25 October 
(equalled by 15 October) sowing produced 12,8% heavier seeds than 
l a s t sowing whose effect differed c r i t i c a l l y from tha t of other 
sowing da tes . 
4.1.5.2 Swelling factor 
From the point of view of production of mucilage (the most 
important quality parameter), the best sowing date was found to 
be 25 October (Table 10), Its effect was at par with some early 
sowing dates. The last date of sowing i.e. 14 December, differed 
critically from others in giving the lowest value for this parameter 
Sowing the crop on 25 October produced 41.2% more mucilage than 
that on 14 December. 
4.1.5.3 Molstui^ content 
The effect of sowing date on moisture content of seeds 
was significant (Table 10). 25 October sowing produced seeds with 
maximum moisture content; but the value noted was equalled by 
next sowing i.e. 4 November. The last sowing resulted in 
significant lowest moisture content. The values recorded for 
15 October, 14 November and 24 November were at par, 
4.1.5.4 Ash content 
A perusal of Table 10 shows that ash content of seeds was 
also significantly affected by sowing date, 25 October (followed 
by 4 November) sowing gave maximxim value for ash elements in seeds. 
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Last sowing (14 December) resulted in lowest value which was 
statistically different from the value for other sowing dates. 
4.1,5,5 Protein content 
Seed protein content (Table 10 ) was also significantly 
affected by sowing date. The value for this parameter was noted 
to be maximum in 25 October (equalled by 15 October). Last sowing 
produced seeds with minimum protein. Seeds obtained from the 
crop sown on 25 October possessed 34,95^  more protein than those 
produced by 14 December, 
4,2 Experlaent 2 
In this simple randomised experiment, the effect of five 
seed rates (2.5, 5.0, 7.5, 10.0 and 12.5 kg seeds/ha) on population 
density and on growth, yield and quality parameters of isubgol was 
studied. The performance of isubgol was noted at 60, 90 and 120d 
for growth parameters and leaf NPK contents. Yield parameters 
were studied at 90 and 120d and at harvest^ the quality of the 
harvested seeds also assessed as in Experiment 1 , The data of 
this experiment are summarised in following pages (Tables 11-16). 
4.2,1 Population density 
It is clear from Table 11 that seed rate affected plant 
population (number of plants/ha) significantly, A gradual increase 
was noted upto 7,5 kg seeds/ha which showed an increase of 28,894 
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4.2.2 Growth paraaeters 
Growth parameters, namely plant length, culm and leaf 
number per plant, leaf area, fresh and dry weight per plant, NAR 
and RGR were studied at 60, 90 and 120d stage of growth. The 
effect of seed rate was found to be significant for most of the 
parameters at three stages (Tables 11-13). 
4.2.2.1 Plant length 
The effect of seed rate on plant length was significant at 
a l l stages (Table 11). The highest (12.5 kg/ha) and lowest 
(2.5 kg/ha) seed rates produced shortest plants with their effect 
being at par at 60 and 90d. Seeding at the rate of 7.5 kg/ha 
proved optimum. Its effect was statist ically equal to that of 
10.0 kg seeds/ha at the three stages of growth. Treatment 7.5 kg 
seeds/ha enhanced plant length by 14,0, 16,5 and 21.996 over the 
value for 12.5 kg/ha (which produced shortest plants) at 60, 90 
and 120d respectively. 
4.2.2.2 CUIM number 
Significant effect of seed rate was noted for culm number 
per plant at each stage (Table 11 ) . At all stages, 7.5 kg seeds/ha 
proved optimum. The value was at par with that for 10.0 kg/ha at 
each stage. The highest seed rate of 12.5 kg/ha produced minimum 
culms per plant. Seeding at 7o5 kg/ha resulted in 114.3, 104.6 and 
122.896 increase in culm number over the value for 12.5 kg/ha at 
60, 90 and 120d respectively. 
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4.2.2.3 Leaf number 
Table 11 shows that the effect of seed rate on leaf 
production was significant only at 90 and 120d. Seeding at 
7.5 kg/ha produced maxim\am leaves; but the value was at par with 
that for 10.0 kg/ha at 90d and for 5.0 kg/ha as well as 10.0 
kg/ha at 120d. The highest seed rate gave minimum value at 60 and 
120d as did 5.0 kg/ha at 90d. 
4.2.2.4 Leaf area 
At each stage, maximum leaf area was recorded in the plots 
receiving 7.5 kg seeds/ha (Table 12), It was equalled by 5.0 and 
10.0 kg seeds/ha. The highest seed rate gave the lowest value 
which was at par with those for 2,5 and 5.0 kg/ha at 60 and 90d 
stage and with 2,5 kg/ha at 120d, The treatment consisting of 
7«5 kg seeds/ha resulted in an enhancement of 6.7, 11.4 and 12.95^  
leaf area over 12.5 kg seeds/ha at 60, 90 and 120d respectively. 
4.2 .2 .5 Fresh weight 
As is evident from Table 12 that seed rate had significant 
effect on fresh weight, with 7.5 kg/ha resulting in maximum fresh 
weight per plant (l6.1, 13.2 and ^^ ,6% more than the respective 
lowest value given by 12.5 kg/ha at the three stages). Its effect 
was statistically equal to that of 10.0 kg/ha at 60d and with that 


























































































































































































































































































































































4 . 2 . 2 . 6 Dry weight 
The effect of seed ra te on dry weight was s ign i f ican t a t 
a l l stages (Table 12) . Maximum value was given by 7.5 kg/ha; 
but i t was equalled by 10,0 kg/ha a t each s tage . The maximum 
seed r a t e gave lowest value for t h i s parameter which differed 
c r i t i c a l l y from the value produced by other seed r a t e s . Seeding 
a t 2.5 and 5.0 kg/ha resul ted in a t par value . The optimum seed 
r a t e (7.5 kg/ha) excelled 12.5 kg/ha by 47 .8 , 41.5 and 38.8% a t 
60, 90 and 120d respec t ive ly . 
4 .2 .2 .7 Net assimilation rate (NAR) 
NAR in leaves was estimated for 60-90d and 90-120d 
i n t e rva l s (Table 1 3 ) . At 60-90d period, lowest seed rate 
(2.5 kg/ha) gave the maximum value but was equalled by 5.0 kg/ha. 
At 90-120d, a l l seed r a t e s , except 2.5 kg/ha, gave equally high 
va lues . 
4 . 2 . 2 . 8 Relative growth rate (RGR) 
RGR was determined for 60-90d and 90-120d periods 
(Table 1 3 ) . The ef fec t of seed ra te on t h i s parameter was 
non-signif icant a t f i r s t i n t e r v a l , whereas i t was s igni f icant 
for the l a t t e r . Like NAR, t h i s parameter was affected equally 
by a l l seed r a t e s , except 2.5 kg/ha a t 90-120d. 
4 .2 .3 Leaf NPK contents 
Leaf NPK was estimated a t 60, 90 and 120d. Effect of seed rate 
was s ign i f i can t for leaf-N and leaf-K content only a t a l l the 
Table 1 3 . Effec t of seed r a t e on ne t a s s i m i l a t i o n r a t e (NAR) and 
r e l a t i v e growth r a t e (RGR) of i subgol a t 50-90d and 
90-120d per iod (Mean of t h r e e r e p l i c a t e s ) 
T r e a t m e n t s 
2 ,5 kg s e e d s / h a 
5 . 0 kg s e e d s / h a 
7 .5 kg s e e d s / h a 
1 0 . 0 kg s e e d s / h a 
1 2 . 5 kg s e e d s / h a 
C D . a t 5% 
NAR ( X 
60-90 
6.31 




0 . 7 8 
1 0 " ^ g / c m ^ / d ) 
Time 
90-120 
2 . 4 6 
3 . 5 3 
3 . 5 4 
3 .56 
3 .46 
0 . 5 8 
RGR ( 





8 . 8 8 
11 . 98 
N . S . 
X 10" - ^ / d ) 
90-120 
3.59 





N.B. A uniform basa l dose of 40 kg N and 10 kg P/ha was app l i ed 
N.S. = Non-s ign i f i can t 
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stages of sampling. The data are summarised in Table 14 and are 
briefly described below. 
4.2 .3 .1 Leaf-N 
I t may be noted from Table 14 tha t the effect of seed ra te 
was s igni f icant for N content in leaves a t a l l s tages , with 
7.5 kg/ha (equalled by 10.0 kg/ha) cons is tent ly proving superior 
to other seed r a t e s . The increase in leaf-N content given by 
7.5 kg/ha a t 60, 90 and 120d over tha t given by 12.5 kg/ha was 
2 7 . 1 , 27.6 and 25.494 respec t ive ly . 
4 .2 .3 .2 Leaf~P 
As mentioned e a r l i e r , the ef fec t of seed ra te on leaf-P 
content was noted to be non-s ignif icant (Table 1 4 ) . 
4 .2 .3 .3 Leaf-K 
I t i s borne out by a perusal of Table 14 tha t the effect 
of seed ra te on leaf-K was almost s imi lar to tha t on leaf-N content . 
Thus, 7.5 kg/ha (equalled by 10.0 kg/ha a t a l l stages and by 
5.0 kg/ha a lso a t 60 and 120d) gave the best r e s u l t s . 7.5 kg/ha 
treatment enhanced leaf-K content by 3 .0 , 3.1 and 3*2% a t 60, 90 
and 120d respect ively compared with 12.5 kg/ha. 
4.2 .4 Yield parameters 
Yield parameters v i z . spike number per p l an t , spike length, 


























































































































































































































































































































































































































a t harvest , were found s ign i f i can t ly affected by seed rate 
(Tables 15-16). The r e s u l t s are presented below separately for 
each yield a t t r i b u t e . 
4.2.4.1 Spike number 
Table 15 indica tes t h a t , according to the values recorded 
for the effect of seed r a t e s , 7.5 kg/ha proved best a t three 
s t ages . I t was a t par with 5.0 and 10.0 kg/ha a t 90d and with 
10.0 kg/ha a t 120d and a t harves t . The highest seed rate 
(12.5 kg/ha) resul ted in l e a s t number of spikes per p lant ; but 
i t s effect was a t par with tha t of 2.5 kg/ha a t 90d. Spike 
production continued t i l l harves t . The value , given by 7.5 kg/ha, 
was 43 .7 , 37.1 and 69.99< more than lowest value given by 12.5 kg/ha 
a t 90 and 120d and a t harvest respec t ive ly . 
4 .2 .4 .2 Spike length 
Seeding at 7.5 kg/ha (equalled by 10,0 kg/ha) registered 
maximum value for spike length at each stage (Table 15 ). It was 
equalled by the treatment consisting of 2.5 and 10.0 kg seeds/ha 
at 90d stage and in 2.5 and 5.0 kg/ha at 120d. The highest seed 
rate resulted in shortest spikes at all the stages and the value 
differed critically from those for other rates at 120d and at 
harvest. 
4.2.4.3 Flower number 
As is evident from Table 15 , the effect of seed rate OTi 


































































































































































































































































































































































































































































































































































of sampling. Treatment 7.5 kg/ha proved optimum for flower 
nximber, being at par with 10,0 kg/ha at 90 and 120d and with 5.0 
and 10.0 kg/ha at harvest. The maximum seed rate of 12.5 kg/ha 
gave the lowest value, which was critically different from those 
recorded for other seed rates. 
4,2.A.4 Seed yield 
Seed ra te proved s ign i f ican t for seed yield a lso (Table 16 ). 
Seed yield in a l l t reatments , except 2,5 kg/ha, was a t par with 
t h a t in 7,5 kg/ha which gave the f ina l yield of 1,171.1 kg/ha. 
I t was 107,8% more than the lowest y ie ld obtained in 2.5 kg/ha. 
4 .2 .5 Seed quality parameters 
The parameters regarding qual i ty of seeds, namely 
h e c t o - l i t r e weight, swelling fac tor and the content of moisture, 
ash and pro te in , were studied a t harvest . The ef fec t 
of seed ra te on qual i ty parameters was s ign i f i can t . The data 
obtained for individual parameter are given below in brief 
(Table 16) , 
4 ,2 ,5 .1 Hecto-litre weight 
Seeding a t 7,5 kg/ha (equalled by 10.0 kg/ha) gave lowest 
value for t h i s parameter , indicat ing heaviest seeds (Table 16). 
On the other hand, 12,5 kg/ha recorded highest value for 
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other seed r a t e s . Seed ra te of 7.5 kg/ha resu l ted in 11.494 heavier 
seeds than the highest applied seed r a t e . 
4.2.5.2 Swelling factor 
Swelling factor, the value of which fell within the Indian 
Pharmacopoeia (I,P.) specifications, was also significantly-
affected by seed rate (Table 16). Seed rate of 7.5 kg/ha gave 
maximum and 2.5 kg/ha, the minimum value for this parameter. Its 
effect was at par with those of 10.0 and 12.5 kg/ha. 
4.2.5.3 Moisture content 
Seeds obtained in 7.5 kg/ha treatment contained maximum 
moisture, which was equal to that in 5.0 and 10.0 kg/ha (Table 16 ). 
Maximum seed rate of 12.5 kg/ha produced seeds with lowest moisture 
content and the value differed critically from those for remaining 
treatments. Increase in value for 7.5 kg/ha was 33.8% over that 
for 12.5 kg/ha, 
4.2.5.4 Ash content 
Ash content of seeds was significantly affected by seed 
rate (Table 16), Treatment 7.5 kg/ha resulted in the maximum 
accumulation of mineral elements in seeds, while 2.5 kg/ha gave 
lowest value. Seed rate of 5.0 and 10«0 kg/ha equalled 7.5 kg/ha 
in their effects. Ash content also was within the limits 
specified by the Indian Pharmacopoeia, 
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4 . 2 . 5 . 5 Protein content ' 
Protein content, estimated in the seeds a t harvest , was 
found to be s ign i f i can t ly affected by seed rate (Table 16). 
Among seed r a t e s , 7.5 kg/ha proved optimum but a t par with 10.0 kg/ha 
for t h i s parameter. The increase in protein content due to 
7.5 kg/ha was 29.3% more when compared to 12.5 kg/ha, which gave 
lowest value. 
4.3 Expriment 3 
In t h i s f ac to r i a l randomised f i e ld experiment, the effect 
of four doses each of basal ni trogen v i z . 0, 20, 40 and 60 kg N/ha 
and phosphorus v i z . 0, 5, 10 and 15 kg P/ha and of t h e i r 
i n t e rac t ion was studied on growth, yield and qua l i ty parameters 
of isubgol . Growth parameters and leaf NPK contents were observed 
a t 60, 90 and 120d; yield parameters a t 90, 120d and a t harvest 
and qual i ty parameters of seeds a t harves t . The data for various 
parameters are summarised in Tables 17-23 and are described below, 
4.3.1 Growth parameters 
Data for growth parameters, namely plant length, culm and 
leaf number per p lan t , leaf area and fresh and dry weight per plant 
were recorded a t 60, 90 and 120d, whereas NAR and RGR were 
calculated a t 50-90d and 90-120d i n t e r v a l s . I t i s evident from 
Tables 17-20 tha t the effect of ni trogen and phosphorus alone 
as well as of t h e i r in te rac t ion was s igni f icant for almost a l l 
the parameters s tudied. These are described separately in the 
following paragraphs. 
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4.3.1.1 Plant length 
The effect of nitrogen application on plant length was 
found to be significant at all the three stages of growth 
(Table 17). Treatment N (equalled by N^^) gave maximum plant 
length at each stage. The increase was 23.3, 31.9 and 33.094 
over control (N^.), that produced minimum plant length at 60, 90 
and 120d respectively. 
Phosphorus affected shoot length significantly at all 
stages. Treatment P.^ proved best for plant length, followed 
by Pc at the three stages. Maximum tried dose (P>,c) gave the 
minimum value at each stage, with its effect being at par with 
that of PQ (control) at 60d. Treatment P gave 11.2, 8.5 and 
10.7?4 more plant length than P^^ at 60, 90 and 120d respectively. 
Nitrogen x phosphorus interaction also had significant 
effect on plant length at all stages. N^Q X P^^ proved best 
(and at par with N, x P ) at each stage of growth. N^ x P at 
60 and 120d and N^^ x P._ at 90d resulted in lowest value for this 
parameter. The value for both these interactions were at par 
with each other. The interaction N_ x P gave 46,5, 45.6 and 
48.99^  increase in plant length over NQ x P^ at 60, 90 and 120d 
respectively. 
4.3.1.2 Culm number 
Culm production was significantly affected by nitrogen 
application at all the stages of growth, with Np„ giving the 
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NpQ produced 48.8, 61.4 and 59.596 more culms at 60, 90 and 120d 
respectively than N_^ , which produced minimum number of culms and 
differed critically in this respect from other nitrogen levels. 
Among the phosphorus treatments, P was found optimum 
for this attribute at all the stages, having statistically equal 
effect with P,. at 90d. Treatment P.^  produced minimum culms and 
5 15 
the effect was at par with that of PQ (control) at each stage. 
Regarding interaction effect, N^Q X P^Q proved the best 
combination for this parameter. At 60 and 120d, the effect was 
at par with that of N,_ x P.^ and, at 90d, with several 
combinations including N^Q X P , N^Q X P , N^ x P^ and N^^ x P . 
NQ X P_ (equalled by N ^ x P at 60 and 90d) resulted in lowest 
value. Interaction N_„ x P.^ gave 84.99^  increase in culm number 
over the control at 60d and 100.1% increase at both 90 and 120d. 
4.3.1.3 Leaf number 
Like plant length and culm number, nitrogen application 
was noted to increase the production of leaves significantly, with 
N2Q proving optimum (but at par with N, _) at each of the three 
growth stages (Table 18). The increase was 22.2, 27.8 and 29.9% 
over NQ, that gave minimum value, at 60, 90 and 120d respectively. 
The effect of phosphorus on leaf number was also found to 
be significant at all stages. Treatment P.„ proved optimum for 
leaf production and it differed critically from other treatments 
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leaves than PQ at 50, 90 and 120d respectively. PQ (equalled by 
P (.) gave lowest value at 60 and 90d, whereas at 120d, P.^  produced 
minimum leaves. 
Effect of nitrogen x phosphorus interaction was also 
signififant, with N^Q X P.^ giving maximum (but at par) value with 
N,Q X P at 60 and 90d stage. At 120d, N, x P,Q resulted in 
maximum leaf production. The control, NQ X PQ resulted in the 
production of minimum leaves at each stage. The number of leaves 
in N X P was 61.6, 55.1 and 62.8?^  more at 60, 90 and 120d 
respectively than in NQ X P . 
4,3.1.4 Leaf area 
Table 18 shows that maximum leaf area was recorded in 
treatment Np„ at all the stages. The value given by N was at 
par with that for N,„ at 60 and I20d. Control (N ) showed poorest 
effect at each of the three stages. 
With regard to effect of phosphorus, P.„ gave maximum leaf 
area and the control, the minimum, at each stage; but it was 
equalled by P.c at 90 and 120d. 
When interaction effect was taken into consideration, it 
was observed that N^Q X P.Q (equalled by N, x P at 90 and 120d) 
gave maximum leaf area. Interaction, Np„ x P-Q, increased leaf 
area by 54.3, 45.6 and 32.29^  at 50, 90 and 120d respectively over 
NQ X PQ that recorded minimum value. 
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4.3.1.5 Fresh weight 
U gave maximum fresh weight per plant at all stages 
(Table 19). It was statistically different from other nitrogen 
levels, except at 60d stage when the value was at par with that 
for N,„. The per cent increase was 42,2, 42.3 and 31.9 than in 
Nj-j, that produced minimum fresh weight, at the three growth stages 
respectively. 
Significant effect of phosphorus was found, with P _ 
(followed by Pj.) giving maximum value. P„ gave lowest value at all 
the sampling stages? but was equalled by Pj- at 60 and 120d. Fresh 
weight in treatment P.Q was 15.5, 20.5 and 22.2% higher than in P^  
at 60, 90 and 120d respectively. 
The interaction effect of nitrogen x phosphorus was also 
found to be significant at the three stages. N^Q X P (followed 
closely by N^Q X P ) at 60d and N x P at 90 and 120d produced 
highest values for fresh weight. N^ x P_ resulted in lowest value. 
As one would expect, fresh weight showed a gradual increase from 
60 to 120d growth stage. 
4.3.1.6 Dry weight 
Like fresh weight, dry weight was affected significantly 
by nitrogen application (Table 19). The increase in dry matter 
production was optimum in treatment Np . Its effect was at par 
with that of N,_ at 60d. N showed an increase of 49.8, 58.2 and 
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Phosphorus application also affected dry weight significantly 
at every stage. Maximum dry weight was recorded in P^^* The value 
was 18.5, 23.1 and 23A% higher than that obtained for P^ (control) 
at 60, 90 and 120d stage respectively. PQ (being at par with P 
at 60 and 90d) and P.^  at 120d, gave lowest dry weight. 
The interaction effect of nitrogen with phosphorus on dry 
matter accumulation was significant at all stages. At 60d, 
N, _ X P , followed by N x P , gave maximum dry weight. At 90 
and 120d, N^Q X P (being at par with N, x P at 90d) produced 
maximum dry weight. NQ X PQ, followed by N ^ ^ 1^5» recorded 
minimum value that differed critically from other combinations. 
Treatment Np„ x P _ registered an increase of 142.0, 187.0 and 
200.9?6 over N x P at 60, 90 and 120d respectively. 
4.3.1.7 Net assimilation rate (NAR) 
NAR, which was computed for 60-90d and 90-120d periods, 
was significantly affected by nitrogen and phosphorus levels 
separately as well as by their interaction (Table 20) o 
At both the intervals, N proved optimum and its value 
differed critically from those of other levels. During 60-90d 
period, Np^ was followed by N, , whereas N (equalled by N^) 
resulted in lowest value. At 90-120d interval, the effect of NQ 
was at par with that of N, „ and N^ in giving the minimum value 
for NAR. 
Treatment P.Q (equalled by P^  at first stage) proved the 
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parameter. At 6o-90d time interval, the highest phosphorus level 
(P.c) resulted in minimum NAR value. On the other hand, at 
90-120d, PQ, PC and P.^  had equal effects. 
As regards the interaction of nitrogen and phosphorus, 
Np„ X P.- gave highest value at both the stages. The effect of 
N^^ X P.^ was statistically different from those of other 20 10 •' 
interactions at 60-90d. At 90-120d interval, the effect was at 
par with that of N__ x P. and N, ^  x P._o N^ x P^ showed minimum 
'^ 20 0 HO 10 0 0 
effect which was at par with several other N x P combinations 
(including N ^ x P-,^)* 
4.3.1.8 Relativ growth rate (RGR) 
RGR was estimated for 60-90d and 90-120d intervals and 
was found to be significantly affected by nitrogen and phosphorus 
application and by their interaction at first stage, while at 
second stage, only the interaction effect was significant 
(Table 20). 
Among different levels of nitrogen and phosphorus, 
application of N_Q and Pj. (equalled by P ) gave optimum value 
for RGR, showing an increase of 26.9 and ^k,2% over their 
respective controls at 60-90d period. The highest fertiliser dose 
of both nitrogen (N^) and phosphorus (P-,c:) resulted in lowest 
value. However, the effect of N ^ was at par with that of N . 
Interaction effect of two nutrients (N x P) was significant 
at both the intervals. Interaction N_^ x P gave the highest value 
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at 60-90d. NQ X P resulted in minimum value, equalled by N^ ^ '^ 15 
and N^^ x P^ ^ at this stage. At 90-120d also, N_ x P produced 
maximum value for RGR, having statistically equal effect with 
^20 "" ^0* \ o "" ^ 10 ^^'^ ^60 "^  ^ 10* Interaction N^^ x P^, equalled 
by NQ X P , among others had the poorest effect on this parameter. 
4.3.2 Leaf NPK contents 
Nitrogen, phosphorus and potassium contents of leaves 
were estimated at all the three samplings i.e^ 60, 90 and 120d 
and were found to be significantly affected by fertiliser application 
at most of the stages. Data are summarised in Table 21 and 
are briefly given below, 
4.3.2.1 Leaf-N 
The effect of the application of nitrogen and phosphorus, 
as well as of their interaction on the concentration of leaf-N 
was significant at all stages (Table 21 )• 
A gradual increase in nitrogen content was noted from 
control to N, , which thus proved optimum (and at par with N 
at 120d) at all the stages. The increase due to this treatment 
over control, was 18.6, 20.6 and 11.09^  at 60, 90 and 120d 
respectively. NQ gave significantly lowest value for this 
parameter at three stages. 
Regarding the effect of phosphorus, leaf-N content was 
recorded to be highest in P.„, being at par with P at all the 
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t hose f o r a l l o the r phosphorus t r e a t m e n t s a t 90 and 120d. P^^ 
i n c r e a s e d the n i t r o g e n l e v e l in l eaves by 5 . 0 , 5.5 and 5.594 over 
t h e c o n t r o l ( P Q ) a t the r e s p e c t i v e s t a g e . 
Among v a r i o u s combinat ions of n i t r o g e n and phosphorus, 
N,^ X P,^ r e s u l t e d in maximum n i t r o g e n accumulat ion in l e a v e s , 40 10 
wi th i t s e f f e c t being a t par with those of N^Q X P ^ , N^Q X P ^ Q , 
N, ^  X P^ and N, ^  x P^ a t 60d, with N_- x P^ a t 90d and with 40 0 40 5 20 5 
H X P and N, x P^ a t 120d s t a g e . On the o t h e r hand, N^ x P^, 
followed by N^^ x P^^, recorded lowest v a l u e . The i n t e r a c t i o n 
•' 60 15 
N,Q X P gave an i nc rea se of 3 8 . 4 , 36.4 and 27.89i over N x P^ 
a t 60, 90 and 120d r e s p e c t i v e l y . 
4 . 3 . 2 . 2 Leaf-P 
I t i s e v i d e n t from Table 21 t h a t the e f f e c t of n i t r o g e n 
a p p l i c a t i o n on the percentage of phosphorus in l eaves was 
s i g n i f i c a n t , with N- g iv ing maximum value (but a t par with N^ ) 
a t th ree s t a g e s . Control (NQ) gave the lowest v a l u e , followed 
by the maximum app l i ed n i t r o g e n dose, N ^ . Treatment N gave 
3 6 . 9 , 5.1 and 12.99< more l e a f - P than NQ a t 60, 90 and 120d 
r e s p e c t i v e l y . 
The e f f e c t of phosphorus a p p l i c a t i o n on l e a f - P was 
s i g n i f i c a n t a t 60 and 120d. Treatment P gave h ighes t va lue 
a t both these s t a g e s , P^ showed poores t but a t par e f f e c t with 
P and P a t 60d and with P a t 120d. Leaf-P in t r ea tmen t P 
was 2.4 and 5.0% higher than in P^ a t 60 and 120d r e s p e c t i v e l y . 
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As far as interaction effect was concerned, the interaction 
N X P registered maximum phosphorus content in leaves at the 
three stages. The effect of this interaction was at par with 
those of N^Q X P5, N^Q X P^^, N^^ x P^ and N^^ x P^^, among other 
interactions, at 60d, with N^Q X P^, N^Q X P^^, N^^ X P^ and 
^40 ^ ^10 ^ ^ ^^'^ ^^^ ^ ^^^ ^ 40 ^  ^10 ^^ ^^°^ stage. N^ x P^  gave 
the lowest value at 60 and 120d; but was equalled by N ^ ^ ^ 15 
and N^ x P^  at 60d and by N^^ x P. _ at 120d. At 90d, interactions 
0 5 uO IP 
N^ X P^ and N x P . . showed poores t but a t pa r e f f e c t . 0 9 0 10 
4 . 3 . 2 . 3 Leaf-K 
The potassium content in leaves was significantly affected 
by nitrogen application at all stages, by the application of 
phosphorus at 90 and 120d and by the interaction of the two 
nutrients at final stage (I20d) of sampling only (Table 21)• 
The maximum potassiiim content was recorded in N at 50, 
90 and 120d, its effect being at par with that of N, . The control 
registered minimum value which was critically different from those 
for other nitrogen levels at the three stages of growth. Application 
of N increased potassium content in leaves by 12o6, 8.0 and 11.7% 
at 60, 90 and 120d respectively over NQ, 
Among various phosphorus levels, P^ _ (equalled by Pj- at 90 
and 120d) proved optimum for leaf-K, the effect at 50d being 
non-significant. The lowest value was given by P^ which showed 
equal effect with P,c- at latter two stages. 
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The e f f e c t of i n t e r a c t i o n between n i t r o g e n and phosphorus 
was found t o be s i g n i f i c a n t only a t 120d, where N^^ x P 
( e q u a l l e d by N^Q X P ^ , N^Q X P ^ ^ , N^^ X PQ, N^^ X P ^ and 
ho ^ ^10^ proved b e s t and gave an i n c r e a s e of 16.894 over N x P^ N 
that gave lowest value for leaf-K, being at par with N^^ •'^  ^IS 
4.3.3 Yield parameters 
Most of the data for the four yield parameters were found 
significant (Tables 22-23)• Among these, spike number per plant, 
spike length and flower number per spike were noted at 90 and 
120d and at harvest, while seed yield was recorded at harvest. 
Data are described briefly in the following paragraphs. 
4.3<.3.1 Spike number 
The effect of nitrogen and phosphorus and of their 
interaction was found significant on spike number per plant 
(Table 22). 
Of the various doses of nitrogen, N (equalled by N, ) 
produced maximum spikes. It was noted that N^ showed the poorest 
effect. Treatment N.^ increased spike number by 32.8, 37.1 and 
3^ ,h% over control at 90 and 120d and at harvest respectively. 
As in the case of most of the growth parameters, P^ -^. 
produced highest number of spikes, the effect being at par with 
that of Pc at 90d. It resulted in an increase of 12.2, 17.7 and 
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produced least spikes; but its effect was at par with that of 
P.^, the maximum applied phosphorus dose at each sampling, 
15 
, X P (being at par with N, x P ) gave maximum spikes at 
Among various nitrogen x phosphorus interactions, 
N, 
each stage. It may be added that, at 90d, N^ x P and N ^ ^ 15 
also had at par effect with N x P , which produced 78.7, 85.7 
and 58.296 more spikes at 90 and 120d and at harvest respectively 
than N^ x P , that recorded the minimum value, which was critically 
different from those for other interactions. 
A.3.3.2 Spike length 
Longest spikes were found as a result of application of 
Npp^ , equalled by N, , at each stage (Table 22). Control (N^) 
produced shortest spikes; but the value was statistically equal 
to that given by Ng at 120d. Treatment N resulted in 9oO, 13.5 
and 15.7% longer spikes at 90 and 120d and at harvest respectively 
than NQ. 
Phosphorus application at 90d was found to be 
non-significant. At 120d and harvest, P,Q recorded maximum 
spike length and the value differed critically from those for 
rest of the phosphorus levels. The highest phosphorus level 
registered lowest (but at par with PQ) value at the two sampling 
stages at which the effect was significant. P^ „ produced 1.5, 
5o9 and ^,2% longer spikes than P^ at 90 and 120d and at harvest 
respectively. 
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Comparing N x P interactions, the effect of various 
combinations of the two nutrients was found to be non-significant 
at 90d stage. N^Q X P^^ at 120d and N^^ x P^^ (followed by 
Np^ X P^ (^ ) at harvest produced longest spikes. N x P gave 
minimum value; but the effect was at par with that of N ^ x P 
at 120d. 
4.3.3.3 Flower number 
The effect of nitrogen and phosphorus application and of 
their interaction on flower number per spike was also significant 
at the three samplings (Table 22). 
Effect of nitrogen application on this parameter had 
significant effect. N , followed by N, , gave highest value 
and N^, the lowest at all the stages. The difference between the 
two was 29.2, 29.6 and 24.1?^  at 90 and 120d and at harvest 
respectively. 
As in spike number per plant, phosphorus dose P produced 
maximum number of flowers. The value differed critically from 
rest of the treatments in this regard. Highest phosphorus dose 
(P f.) resulted in minimum value at the three stages; but its 
effect was at par with that of PQ at 90 and 120dp Treatment P^  0 
produced 9.7, 9.6 and 6,k% more flowers than P^ at the respective 
stage, 
On considering various interaction effects of 
nitrogen x phosphorus, maximum number of flowers was recorded 
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in N Q ^ ^-in' ^oHo^^d by N^^x P^^. N^  x P^ resu l ted in minimum 
va lue . I t was followed by N^ ^ ^i5 ^^^^pt a t 90d when these 
two were a t par . The in te rac t ion N^Q X P produced 54 .1 , 57.4 
and 45.7% more flowers than N x P a t 90 and 120d and a t harvest 
respec t ive ly , 
4 . 3 . 3 .4 Seed yie ld 
Seed yield was s ign i f i can t ly affected by nitrogen and 
phosphorus appl ica t ion and by t h e i r in te rac t ion (Table 23) . 
Among various nitrogen t reatments , N ^ gave maximum yield, 
followed by N, , Treatment N produced 37,7^ more seeds than N , 
t h a t gave the minimum seed y ie ld . All values were c r i t i c a l l y 
di f ferent from each other . 
Like other y ie ld parameters, a gradual increase in seed 
yie ld was noted upto P^„, tha t proved optimum. Seed yield in 
t h i s treatment was 14,596 more than in PQ, tha t reg is te red the 
minimum, but a t par , value with P^c* 
Regarding in te rac t ion e f fec t , i t was observed tha t 
Np„ X P-p)» followed by N,-^  x P-.^ ,* gave maximum seed y ie ld . An 
increase of 96,79< over N^  x P was noted in the in te rac t ion 
Np„ X P-j/-). N x P had most adverse effect on t h i s parameter^, 
4 ,3 .4 Seed qua l i ty parameters 
Quality a t t r i b u t e s , namely hec to - l i t r e weight, swelling 
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estimated at harvest. The effect of individual treatment on 
most of the quality parameters was significant. Moreover, effect 
of the interaction (nitrogen x phosphorus) was significant for 
all parameters except ash content. The results are given below 
and are condensed in Table 23 , 
A,3o4,1 Hecto-litre weight 
Application of nitrogen and phosphorus and of the 
interaction between nitrogen and phosphorus proved significant 
for hecto-litre weight of seeds (Table 25). 
With regard to nitrogen application, treatment N 
(equalled by N,^) resulted in minimum value and, thus, recorded 
heaviest seeds. It produced 7,09^  more values than N_, which 
gave maximum value thereby indicating lightest seeds. 
Treatment P^ „ proved optimum among the phosphorus doses 
applied. The lightest seeds were obtained in P^ j- which was 
surpassed by P.Q by 3.7%. 
Regarding interaction effect, N,Q X P , followed closely 
by NpQ X P , resulted in lowest value (heaviest seeds). N x P , 
equalled by N ^ x P. , had the most adverse effect, giving the 
maximum value for this parameter. The two better interactions 
i.e. N,Q X P and ^p^xP^, resulted in 12.4 and ^^ ,k% heavier 
seeds respectively than N„ x P , 
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4.3.4.2 Swelling factor 
N_-^  exhibited maximum value for swelling factor of seeds. 
It was followed by NQ (Tableau). All nitrogen treatments differed 
critically from each other in their effect, with N^ giving lowest 
value. The mucilage content in N^Q was A.69^  more than that in 
N^, the control. 
It is noteworthy that, unlike other quality parameters, 
a gradual decline in swelling factor was noted as phosphorus level 
was increased, with PQ (equalled by P^) proving optimum and 
Ft- recording minimum value, which was critically different from 
other levels. 
With regard to the effect due to interaction of nitrogen 
with phosphorus, N x P„ showed maximum value, that differed 
statistically from other interactions. This was followed by 
^20 ^ ^5' ^ 20 ^ ^10' ^ 0 ^ ^ 5' ^ 0 ^ ^ 10' ^ 20 ^ ^ 15 ^^ '^  ''o ^  ^ 5 ' 
most of which had statistically equal effects. N ^ ^ ^ is 
produced significantly lowest value. The increase due to 
application of N_Q X P^ was 25.6% over N^ ^^  ^ ^•\^* whereas N ^ P-IQ 
gave 21.496 higher value for swelling factor than N ^ x P « 
4<.3.4.3 Moisture content 
The effect of nitrogen and phosphorus application alone, 
as well as in combination, was significant with regard to moisture 
content of seeds (Table 2.3). 
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N , equalled by N, and N , resulted in seeds with 
maximum moisture, whereas N ^ (at par with N^) recorded least 
seed moisture. 
Treatment P.^, equalled by P^  and P.^t proved best for 
this parameter, whereas P^  r^ gister'ed the lowest content. 
A number of interactions gave at par maximum value for 
moisture content. These included NQ X P , N x P , N x P , 
N ^ P-ic; ^ ^^ \ n ^ ^ in* '^'^^ lowest value, on the other hand, 
was noted in N x P ; but it was at par, among others, with those 
for N ^ X P^ 5 and N^^ x P^^. 
4.3.A,4 Ash content 
Application of nitrogen was significant for seed ash 
content. However, the effects of phosphorus application and of 
the interaction between nitrogen and phosphorus were 
non-significant (Table 23)« 
N-Q, equalled by N, , proved optimum giving 3.5% increase 
in ash content over N_, that had poorest effect; but it was at 
par with N^, 
4.3.4.5 Protein content 
It is evident from Table 23 that maximum seed protein 
content was given by the application of N^Q which was followed 
by N,Q, Treatment N excelled N , that gave minimum value, by 
19.0% for seed protein. 
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Vlith regard to the effect of phosphorus, a gradual increase 
was noted from P^  to P , that proved optimum, while P ^ registered 
minimum value. Treatment P.^ ^ produced 7.6% more protein than P^ 
and 9.29^  more than P.^. 
Regarding the effect of interaction of nitrogen with 
phosphorus, N__ x P gave maximum value; but this value was 
statistically equal to that given by N^ x P . N x PQ, on the 
other hand, produced significantly lowest value. The effect of 
^20 ^ ^10 '^ ^^  superior to that of N x P^  by 38o3%o 
4,4 Experiment 4 
This field experiment was laid out according to a factorial 
randomised block design to study the effect of six basal NPK 
combinations i.e. N25^25^15^20' %+50^25\o' ^ 75+75^35^60' 
^100.100^45^80' ^125-^125^55^00 ^"^ ^250^55^100 (^°^trol) on shoot 
length, culm and leaf number, leaf area, fresh and dry weight, 
leaf NPK contents, herb yield, essential oil and citral/geraniol 
content and yields separately at three harvests (cuts) of 
Cymbopogon flexuosus var. OD-19, £. pendulus var. RRL-16 and 
£. martinil var. motia. Also, yields of herb, essential oil and 
citral/geraniol were pooled for the three cuts to get the total 
annual production of each variety. Nitrogen was split in two 
equal halves. First split of nitrogen, together with the full dose 
of phosphorus and potassium, was applied at transplantation and 
the second, just after first cut. But in the control, full dose 
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of 250 kg N/ha was given at the time of transplantation. The 
data are summarised in Tables 24-;-58 and are considered in brief 
below. 
4,4.1 Growth parameters 
Tables 24-29 revealed that effect of the selected NPK 
combinations and of the interaction of these treatments with 
the three varieties as well as the response of varieties were 
significant on all growth parameters except culm number/plant at 
third cut, where the interaction effect was noted to be 
non-significauit. These parameters were studied at the three cuts 
in October, December and April and included shoot length, culm 
and leaf number per plant, leaf area and fresh and dry weight 
per plant. The data for each parameter are briefly described 
below. 
4.4.1.1 Shoot length 
The effect of fertiliser treatment and response of varieties 
were significant for shoot length at the three cuts. Interaction 
between treatment and variety was also significant (Table 24). 
Among the six treatments, N>.QQ^.^QP, ^.K gave maximum 
length of shoot at all cuts. On the other hand, Npc-^ pt-P^  j-K 
(equalled by ^OCQ^KK^^QQ at third cut) gave minimum value at the 
three cuts. Treatment N.QQ^.,QQP, ^ KOQ produced 60,8, 77.7 and 
57.7?^  taller plants than the control (^250^55^00^ ^^ first, 
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With regard to the performance of varieties, £. martinii 
proved to be the tallest, but the response was at par with that 
of C, flexuosus at each cut. On the contrary, £, pendulus 
plants were shortest at all cuts and their shoot length was 
critically different from that of other two varieties. 
Considering the effect of interaction (treatment x variety), 
N .„QP, j-K X £, martinii gave maximum shoot length, but the 
value was at par with that of ^100+100^45^80 ^ -* ^^ ^^ '-'Q^ s^ at 
the three cuts. On the other hand, ^250^55^100 ^ -' ££ii^ iiiH£» 
equalled by two other interactions (including ^25+25^15^20 ^ 
C. pendulus), gave minimum shoot length at each cut. 
'^I00+100^45^80 ^ —' '"^ "^^ "^•^ ^ showed an increase of 207.4, 307.3 
and 191o59i over N^c^Pcc^^^^ x C. pendulus at the three respective 
250 PP 100 — — — — — 
cut, 
4.4,1.2 Culm number 
The effect of fertiliser treatment, as well as response 
of varieties, was significant for culm number per plant at all 
the cuts. Interaction effect (treatment x variety) was 
significant at first and second cut only (Table 25 )» 
The treatment N^QQ^^QQPI c-K gave highest number of 
culmsat all cuts. The value given by this treatment at third 
cut was at par with that given by N„£-^ yc-P,t-K^ . As against this, 
the control (^250^55^100^ produced minimum number of culms, but 
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Treatment ^^00+100^45^80 ^"^^^^^ ^^^ super ior i ty over control by 
producing 69«4, 67.3 and 64.1?^ more culms in the October, 
December and April cut respec t ive ly . 
Regarding v a r i e t a l response, C. mar t in i l proved best 
for culm number a t each cu t . Conversely, response of £o flexuosus 
was poorest , £ . mar t in i i showed an increase of 12.8, 15.0 and 
10.9% over £. pendulus and 77 .5 , 85.8 and 65.0% over £ . flexuosus 
in number of culms a t f i r s t , second and th i rd cut respec t ive ly . 
With regard to the ef fect due to in te rac t ion , which was 
s igni f icant only a t f i r s t and second cut , ^-100+100^45^80 ^ 
_C. mar t in i i (equalled by N„c+ycP-»cKg^ x £. mar t in i i ) gave the 
highest number of culms a t each cut . Contrary to t h i s , minimum 
number of culms a t both the cuts was given by Np(--.P(-t-K x 
C, flexuosus, which was a t par in i t s effect with two other 
in te rac t ions v i z . ^25+25^15^0 ^ ~ ' flexuosus and -^125 + 125^55^100 ^ 
C, f lexuosus. ^100+100^45^80 ^ -" °^ ^^ "*^ ^^ ^^  proved 193.7 and 
223.9% superior to ^250^55^100 ^ - ' flexuosus a t the two 
respective cu t . 
4 , 4 . 1 . 3 Leaf number 
The effect of f e r t i l i s e r treatment and v a r i e t a l differences 
with regard to t h i s parameter were s ign i f ican t a t a l l cu t s . 3o 
a lso was the in te rac t ion effect (Table 2 6 ) . 
Maximum value for leaf number per p lant was exhibited by 
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in li^^ ^r^^P^rz^^r.' Both these values were s t a t i s t i c a l l y different 25+25 15 20 
from those produced by other combinations. The increase noted 
1" ^'lOO^lOO^*?"* °'"^ ' '25-25^5' '20 "^^ 50.6, 55.5 and 47.2K, 
while i t was 37.2, 37.2 and 36.0^ over the control a t the three 
cut respec t ive ly . The control N^crvPnc^-.^^ proved second lowest 
25U 55 lUU 
in i t s e f fec t . 
Among v a r i e t i e s , £. mar t in i i gave best response for leaf 
number, producing 171.4, 190.0 and 164,69^ more leaves than 
£ . flexuosus tha t provided lowest value a t the three cut 
respectively. 
Regarding the effect of in t e rac t ion , ^^00+100^45^80 "^  
£ , mar t in i i produced highest number of leaves a t f i r s t , second 
as well as t h i rd cut; but, a t second cut , the value was a t par 
with tha t for ^^2'b+^2'i^'=)'=)^^00 ^ —* £2£;yiiii:» ^^ "the contrary, 
the l e a s t value was given by ^o'iO^'^i'^^OO ^ -* flexuosus (equalled 
by NpR+2S^i5^?n ^ -* flexuosus) a t each cut which was surpassed 
by N^00+100^45^80 ^ -* mar t in i i by 294.1, 341,4 and 271.3^ a t 
f i r s t , second and th i rd cut respec t ive ly . 
4 .4 .1 .4 Leaf area 
Treatment as well as interaction (treatment x variety) 
affected leaf area of plants significantly at all cuts. 
Similarly, varietal response was also significant (Table 2 7). 
Whereas, maximum value for leaf area was observed in 
^100+100^45^80 ^^ ^ "^^  cuts (the effect being at par with that 
for N„^^y^P,^K^ at first and third cut), combination 
(M <r c^ 
t ^ <r K~i 
03 ip, i^^ 
(\l T-
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"^25+25^15^20 ^^°ll°^ed ^y ^^s control i.e. ^ 250^55^100^ ^ ^^^ 
minimum value at each cut. ^ioo+100^45^80 P^ ^^ *^^ ®^  39.7, 42,2 
and 36.8?^  more leaf area than ^25+35^15^20 ^^^ ^ ^*^' ^ '^ '^  ^"^ 
26.6% than the control at first,second and third cut respectively. 
Regarding varieties, £. flexuosus produced highest 
value for leaf area and the varieties responded in the order: 
C. flexuosus > C. pendulus > £. martinii at each cut. At first, 
second and third cut, C. flexuosus produced 198.0, 206.0 and 196.9% 
more Iea£ area than G, martinii. The value produced by each 
variety differed critically from one another. 
Among interactions, ^^QQ+^ynn^i^^^Qr) ^ -° flexuosus gave 
maximum leaf area. The value given by this interaction was 
equal to that given by ^ -125+125^55^100 ^ -' flexuosus at three 
cuts, p^Rn^ s^^ i^nn ^ —* SSHiiiiii* °^ '^^^ other hand, produced 
lowest value at first and third cut, which was statistically equal 
to that for Noc. ocP-iK^ on ^  ^* martinii. N^^.^^P.^-V-^r, ^ "^^ martinii 25''"25 15 20 — — — — — ^ 25+25 15 20 — _ — ^ _ — 
gave critically minimum value at second cut. 
4.4.1.5 Fresh weight 
The effects of fertiliser treatment, varietal differences, 
as well as their interaction effects were found significant with 
regard to fresh weight per plant (Table 28). 
Treatment ^^^00+100^45^80 P^ "^^ ^^  optimum for fresh weight 
of plants; but, at second cut, the value was equal to that given 
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and N^^QP^^K^QQ (equalled by ^25+25^15^20^ ^^ th i rd cut, gave 
the lowest value for fresh weight, ^100+100^45^80 P^°'i^^^°^ 
25 .5 , 29.3 and 48,896 more fresh weight per p lant than the control 
^^250^55^100^ and 52.8, 50.6 and 46.59^ than N25^.25PI5K2Q a t 
f i r s t , second and th i rd cut respec t ive ly . 
Regarding the performance of v a r i e t i e s , C, mar t in i i 
exhibi ted maximum fresh weight, followed by £» pendulus and 
C, flexuosus in tha t order a t each cu t . £ . mar t in i i proved 
18.0, 20.8 and 4.59^ superior to £ . pendulus and 47.9, 50.5 and 
65.9%» to £, flexuosus a t f i r s t , second and t h i r d cut respec t ive ly . 
With regard to effect of treatment x va r i e ty in te rac t ion 
^75+75^35^60 "" - ' "^^^"^^^^^ (equalled by N^00+100^45^80 "" 
£ . pendulus) gave maximum fresh weight a t the three cu t s . 
Signif icant lowest fresh weight was obtained in Npc^pcP-jc^pr) ^ 
£, pendulus in te rac t ion a t f i r s t and second cut and in 
^250^55^00 ^ - ' ^^^^'^Qsus (equalled by ^25+25^15^20 ^ -* flexuosus) 
a t t h i r d cut . In terac t ion ^ „^?^ K^ x £ . mar t in i i gave 
146.8, 151.3 and 64.2% higher value than ^25+25^15^20 ^ -* pendulus 
whereas ^^00+100^45^80 ^ -* mar t in i i excelled \C,QP^^^^QQ ^ 
£. flexuosus by 69.2, 88.3 and 130.8% a t f i r s t , second and th i rd 
cut respec t ive ly . 
4 ,4 ,1 .6 Dry weight 
The ef fec t of f e r t i l i s e r treatment, response of 
v a r i e t i e s and the effect when the two in te rac ted , with regard 
125 
to dry weight per plant, was noted to be significant at each cut 
(Table 29). 
Like fresh weight, treatment ^i00+100^45^80 ^^^^^^^^^ 
by N^^ „^ P--^ K^ ^ at second cut) resulted in maximum dry matter 
•' 75+/5 ^ 5 DO 
accumulation at the three cuts. The minimum value, for dry 
weight at each cut, was given by ^ 25+25^ -)5^ 20 (^°H°^^^ ^ Y 
Npc^ Pc-c-K p^). The value was critically different from those 
recorded for other treatments. The increase over NocoPccK-ir^ r> 
^50 55 TOU 
in dry matter of the plants receiving optimum treatment 
^^100+100^45^80^ ^^^ '^^ •^ ' ^ ^-^ ^ ""^  ^ •^''^  ^^^ °^^'' ^25+25^15^20' 
it was 84.1, 61.9 and 53.0% at first, second and third cut 
respectively. 
Regarding varieties, £« martinii produced the maximum 
dry weight at all cuts. At first and second cut, £. pendulus 
and, at third cut, £« flexuosus accumulated minimum dry matter 
per plant. Compared with these, £» martinii produced 32.1 and 
9.8% more dry weight than £. pendulus at first and second cut 
respectively and 15.3% more than £. flexuosus at third cut. 
As regards interaction effect between treatment and 
vajriety, N-]no+lOO^ Zt5^ 8n ^ —* P^^^^^^^ gave maximum dry weight 
at the three cuts; but, at first cut, the value was statistically 
equal to that noted for ^ 75+75^ 5^^ -60 ^ £• martinii. Lowest dry 
weight was recorded in '^ 25+25'^ 15^ ?0 ^  —" Pendulus at each cut; 
but, its value was equalled by H^^^P^^:^^ r^ x £, flexuosus at 
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over N^c*oc;P^c.K^^ ^ ^' pendulus was 355 .6 , 173.8 and 91.99^ and 25 "^ -^  15 ^U — 
due t o N^oO-H100^5^80 ^ ^' lE^lMHil ^^^^ ^ 0 ^ 5 5 ^ 0 0 ^ 
C. f l exuosus , i t was A1.3 , A8.3 and 58.5% a t the r e spec t ive c u t . 
4 . 4 . 2 Leaf NPK contents 
Data f o r n i t r o g e n , phosphorus and potassium con ten t s in 
l e a v e s of the t h r e e v a r i e t i e s of G3mibopogon a t f i r s t , second 
and t h i r d c u t , as a f f e c t e d by v a r i o u s l e v e l s of combined NPK, 
a re p re sen ted in Tables 30-32 and a r e b r i e f l y exp la ined below. 
The e f f e c t of f e r t i l i s e r t r e a t m e n t s , v a r i e t a l response and 
t h e i r i n t e r a c t i o n on l e a f N, P and K con ten t s were found 
s i g n i f i c a n t a t a l l the c u t s , 
4 . 4 . 2 . 1 Leaf-N 
Effec t of f e r t i l i s e r t r e a tmen t (as wel l as v a r i e t a l 
response) was s i g n i f i c a n t with regard to leaf -N conten t a t each 
c u t . The e f f e c t of i n t e r a c t i o n between t r ea tmen t and v a r i e t y was 
a l s o found s i g n i f i c a n t a t the t h r e e cu t s (Table 3 0 ) . 
Treatment N^oO+100^5^80 ^^^^^l led by N^^^^^P^^K^^ a t 
t h i r d cu t ) gave maximum n i t r o g e n c o n c e n t r a t i o n in l e a v e s . 
S i g n i f i c a n t l e a s t value was given by li ^ P^^^^ Q a t each c u t . 
The inc rease due to N^00+100^45^80 °^^^ ^250^55^100 ^^^ ^^'^' 
25.5 and 32.1% a t f i r s t , second and t h i r d cu t r e s p e c t i v e l y . 
With regard t o the performance of v a r i e t i e s , £ . m a r t i n i i 
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C. flexuosus in that order. Leaf-N recorded for £. martinil was 
17<.9, 20,3 and 26.4?^  more than that for £. flexuosus at first, 
second and third cut respectively. 
The interaction N.^ __^ . _^P,-KQ^ X C, martinii produced 
100+100 45 80 — 
maximum value a t each cut . However, i t s effect was equal to that 
for Nr7c ,^7cP,^ K^^ X C. mar t in i i a t t h i rd cut . On the other hand, 7P+/P 35 oO — 
N„C-QP^K X £, flexuosus (equalled by ^25+25^15^20 ^ —* ^^^^^Q^us 
a t t h i rd cut) gave the lowest value a t three c u t s . The 
in te rac t ion ^IQQ+'IOQ^I^^^QQ ^ £• mar t in i i resul ted in 40 .1 , 59.2 
and 53.4% more leaf-N than ^250^55^100 ^ -" ^^^^^°sus a t the 
respective three cu t . 
4 .4 .2 .2 Leaf-P 
The effect of f e r t i l i s e r treatment, the v a r i e t a l response 
and the in te rac t ion (treatment x va r i e ty ) effect on leaf-P 
content were s ign i f i can t a t a l l the cuts (Table 31)o 
Treatment N^00+100^5^80' ^^l^^^^^ ^^ ^5+75^35^60' 
exhibi ted maximum leaf-P content a t f i r s t , second and th i rd cut , 
giving 90 .3 , 104.9 and 113.59^ higher value respec t ive ly than 
Noir^ PcrrrK^ ^^  that registered minimum value for this parameter, 250 55 100 
With regard to the response of v a r i e t i e s , maximum leaf-P 
was noted in £ , mar t in i i and the minimum, in C, pendulus a t 
each cu t . £ . mar t in i i had 20.0, 18.9 and 22.9% more leaf-P 
than £. pendulus and 11.4, 12.4 and 12.9%, than £o flexuosus 
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Like l ea f -N , l e a f - P con ten t was found maximum in 
^100+100^45^80 ^ - • m a r t i n i i a t each c u t , followed by 
X N75^^5P35K^ X C. m a r t i n i i . In c o n t r a s t , N^^QP^^K^QQ 
C. pendulus (equa l l ed a t f i r s t cut by ^250^55^100 ^ -* f lexuosus) 
showed minimum value f o r l e a f - P . The value g iven by 
N.o^ .^oP/cK„^ X C. m a r t i n i i was 134 .5 , 152.9 and 185.096 more 100+100 45 80 — 
than t h a t g iven by N25oP55^ioO ^ -* pendulus and 1 1 6 . 1 , 132.4 and 
144.5% than Noc:r^PccK^^^ x C. f lexuosus a t f i r s t , second and 250 55 100 — ' 
t h i r d cu t r e s p e c t i v e l y . 
4 . 4 . 2 . 3 Leaf-K 
Leaf-K content was also affected significantly by NPK 
combinations, varieties and interaction of the two at the 
three cuts (Table 32). 
It was noted that N^00+100^45^80 ^^ ^^^^^' ^100+100^^80 
(beiag at par with \^^^^rj^?^^¥^^^) at second and ^^5+75^35^50 ^^ 
third cut, gave highest leaf-K concentration, while ^^ 250^ 55^ 100 
exhibited minimum leaf-K at each cut. 
Among the varieties, £. martinii gave maximum leaf-K 
content at first, second and third cut; but, at third cut, the 
response was at par with that of £. flexuosus. The variety, 
£. pendulus at first, second and third cut gave lowest value, 
that was at par with _C. flexuosus at first cut. £. martinii 
showed its superiority over £. pendulus by giving I6.8, 23.6 and 
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Considering the inte^raction effect, N.^^^^^QQE, t-K x 
£. martinii (equalled by N.^„^^- P, ^-KQ^ X £, flexuosus at 
third cut) gave maximum leaf-K. N„c-^ Pir<rK^ ^^  x C, flexuosus at 
<dDU z>o 1UU — — — — ^ 
f i r s t cut and N„c_Pc£-K.-^ x C, pendulus a t second and th i rd cut 2t?(J 00 100 — ^" ' 
resul ted in lowest value for t h i s parameter. The in te rac t ion 
N.QQ^.QQP, t-K X £. mar t in i i was 117.5, 178„4 and 110.7% superior 
to ^250^55^100 ^ - • pendulus and 172.6, 134»3 and 79.5% to 
^250^55^100 ^ —" flexuosus a t f i r s t , second and t h i r d cut 
respec t ive ly , 
4,4 .3 Yield and quality parameters 
Yield and qual i ty a t t r i b u t e s , namely herb yield, e s sen t i a l 
o i l content, e s sen t i a l o i l y ie ld , c i t r a l / g e r a n i o l content and 
c i t r a l / g e r a n l o l yield per hectare , were recorded a t each cut . 
In addi t ion, herb, e s sen t i a l o i l and c i t r a l / g e r a n i o l yields for 
the three cuts were pooled together to obtain t o t a l annual 
production for each treatment for each v a r i e t y . Effect of NPK 
combinations and response of v a r i e t i e s were s ign i f i can t with 
regard to a l l y ie ld and qual i ty parameters as was also the 
i n t e i ^c t i on between treatment and v a r i e t y . The data for these 
parameters are considered below and are summarised in 
Tables 33-38 . 
4.4.3.1 Herb yield at each cut 
Among various NPK combinations, ^-100+100^45^80 ^^^^ 
maximum herb yield per hec tare , At f i r s t cut only, the value 
130 
was statistically equal to that for N„ „^P,„Kg^. In addition, 
So+50^25^40 "^"^  ^ 125+125^55^100 '^'^''^ '^  ^ ^ P^ '' ""^^^ ^^ '^^  ^ ^^ '^^  
at first and second cut. The control (N^cr^PccK^o^) produced the 
250 55 100 
minimum herbage whose value was critically different from those 
given by other combinations at each of the three cuts. Treatment 
^100+100^45^80 ®^^^11^^ ^^^ control by 80.3, 78.7 and 65.0% at 
first, second and third cut respectively (Table 33)0 
All the values due to varietal response were critically 
different from each other. Variety £. martinii, followed by 
£. pendiilus, proved the most prolific herbage producer at each 
cut. Herb yield in £, flexuosus, that gave lowest value, was 
surpassed by £. martinii by 51,7, 53,7 and 52,6% at the respective 
three cut. 
As far as interaction effect was concerned, N^ ^^ ^^ p^ P^, c,K > 
£, martinii registered highest herb yield. N„(-^„CP:5C^5Q ^ 
£. pendulus proved second best at first and second cut and its 
effect was at par with that of the optimum interaction at first 
cut, N_^^_cP^r-^o^ ^  '-'• flexuosus, equalled at first cut and 25+25 T P 20 — -^____—^_ 
followed a t second and t h i r d , by N2trQPccK^QQ ^ £• f l exuosus , 
e x h i b i t e d l e a s t v a l u e . The i n t e r a c t i o n ^-100+100^45^80 "^  
£ . m a r t i n i i gave 220 .6 , 241,5 and 177.4% more herbage than 
N„ . , „^P .^K_ X C. f lexuosus and 189.4 , 175.2 and 151«9% than 2l3 + <:i5 15 20 ~" 
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4 . 4 . 3 . 2 Pooled herb y i e l d 
I t i s ev iden t from Table 34 t h a t ^-100+100^45^80 ^^^^^'^ 
optimum for pooled herb y i e l d . The va lue s fo r a l l NPK 
combinat ions d i f f e r e d c r i t i c a l l y from each o t h e r and the c o n t r o l 
gave minimum va lue which was surpassed by ^-IOQ+'IOO^ZIS^RO ^^ 
73.896. 
Among the th ree v a r i e t i e s , £« m a r t i n i i produced the 
h i g h e s t and £« f lexuosus l e a s t herbage when computed on annual 
b a s i s , the former being 52.6% more than the l a t t e r . 
With regard t o i n t e r a c t i o n e f f e c t on pooled herbage, 
^100+100^5^80 ^ ^- nEll i lLii^ followed by N^^^^^P^^K^ x 
C. pendulus , proved optimum. ^95+25^15^20 ^ —" ^^^^'^osus, 
followed c l o s e l y by Npt^QPccK.Q x C, f l exuosus , produced the 
l e a s t herbage . The i n t e r a c t i o n N._.^ _^ .^^.P, j-Ko^ x C. m a r t i n i i 
^ 100+100 45 80 — 
showed an i nc rea se of 208.5% over N„^^^_P,_K^^ x C. f lexuosus 
25+2p 15 20 — •' 
and 170.0% over U^^^Pr,c-¥^.^^ x C. f lexuosus0 
250 55 100 — — — — — 
4.4.3.3 Essential oil content 
Table 35 indicates that ^i=)Q+cyQ^2'i\o ^ ^ fi^st and 
^100+100^45^80 ^^ second and third cut gave highest essential 
oil content. The latter was equalled by N-,(-^ j^-P,^ K^  and 
^^ 50+50^ 25^ 40 ^^ third cut. The control, being at par with 
^^ 25+25^ 15^ 20 ^^ fifst and second cut, showed poorest effect. 
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35.796 and ^^00+100^45^80 ^^ 34.0, 44.9 and 38.1% over the control 
a t the respect ive three cu t . 
Among v a r i e t i e s , _C. mar t in l i proved best a t each cut; 
but , a t t h i rd cut , i t was s t a t i s t i c a l l y equal in i t s response to 
£ . flexuosus; £e pendulus was found to possess the lowest o i l 
content a t each cut . 
Regarding in te rac t ion e f fec t , maximum o i l was recorded for 
So+50^25^40 ^ - • mar t in i i and was equalled by N^00+100^45^80 "" 
C. flexuosus a t f i r s t , second and th i rd cu t . The values for 
most of the other in te rac t ions were noted to be a t par with one 
or the other i n t e r ac t i on . Combination ^250^55^00 ^ —* £££cLulus_, 
equalled by N^25+125^55^100 ^ -* ££Ii^iiiii2.» exhibi ted lowest value 
of o i l content a t each of the three cuts . The in te rac t ions 
^0+50^25^0 "" ^' '"^^^^^^^ a'^ d ^100+100^45^80 "" - ' ^^^^uosus 
exhibited about 140.0, 115.0 and 110.0% and the in te rac t ion tha t 
gave the over a l l best performance in t h i s experiment with regard 
to growth, yield and qual i ty (N^oO+100^45^ ^ - ' m a r t i n i i ) , 
105.3, 101.6 and 102.0% higher e s sen t i a l o i l content a t f i r s t , 
second and t h i r d cut respect ively than did the in te rac t ion 
between NpuQ c^c-K. and £. pendulus, tha t resu l ted in lowest value 
for t h i s parameter, 
4 .4 .3 .4 Essen t ia l o i l yield a t each cut 
On computation, maximum o i l yield was noted in the 
treatment ^-]00+100^45^80 ^^ each cu t . I t s effect was equal to 
tha t N^^^^^P^^K^. The control (^^^QP^^K^QQ) gave lowest value 
153 
at all cuts. The best treatment N^oO+100^45^80 y^ ^^ ^^ *^  147.1, 
1^ )6.8 and 125.0% more essential oil than the control at the 
respective cut (Table 36), 
Among varieties, C, martini! proved best and C_. flexuosus 
exhibited lowest value for this parameter at each of the three 
cuts. At first cut, G, flexuosus had at par response with 
£, pendulus. The increase in essential oil yield of £, martinii 
over that of £, flexuosus was 55.8, 61.7 and 61.9% at first, 
second and third cut respectively. 
With regard to interaction effect, ^..^Q^^QQP, ^ Kg^ x 
£, martinii was noted to result in maximum computed oil yield 
and its value differed critically from those of rest of the 
interactions. On the other hand, 2^50^ 55^ -100 "^  -° flexuosus 
and ^250^55^100 ^ -° pendulus (being at par with ^25+25^15^20 ^  
£. flexuosus) showed poorest effect for this important yield 
attribute. Interaction N._„^ ,„_P, ^-Kor^  x C. martinii resulted 
100+100 45 80 — 
in 265.7, 271.0 and 238.0% higher o i l yield than ^250^55^100 ^ 
£ , flexuosus a t f i r s t , second and th i rd cut respec t ive ly . 
4,4.3.5 Pooled essent ia l o i l yield 
Among various f e r t i l i s e r combinations, N,„ „QP,£-K , 
followed by }i„^_^„f.P K^, gave maximum annual o i l y ie ld . The 
control reg is te red the l e a s t value. Regarding the o i l producing 
capacity, the three v a r i e t i e s exhibi ted i t in the order: 
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on computation for C, martinii was 47.2 and 53.1% higher in 
comparison with that for C„ pendulus and £, flexuosus 
respectively (Table 34)« 
Regarding the interaction effect, N']oo+100^45^80 ^ 
C, martinii. followed by N „^ P ^^^Q X C. martinii, produced 
maximum essential oil on annual basis, whereas ^250^55^100 ^ 
C. pendulus (equalled by ^25+25^15^20 ^ -' flexuosus) gave 
lowest value, the difference with the performance of the optimum 
combination (^100+100^45^80 ^ -" HE£iillii) being of the order 
of 321.59^  with that of l^n^n^^c^^nn ^ ^' pendulus. 
2pU P9 1U0 — 
4.4.3.6 Citral/geraniol content 
It may be recalled before considering the data that 
£e martinii abounds in geraniol (nearly 90%), whereas £, pendulus 
(80%) and £. flexuosus (75%) are better yielders of citral. 
The effect of fertiliser treatment on this important 
parameter of essential oil quality as well as varietal differences 
were found to be significant so was the effect of interaction 
(fertiliser treatment x variety) at all the cuts (Table 37). 
Treatment N^00+100^45^80 ^^^^^11^^ by U^^^^^P^^K^) 
proved best at first and second cut, whereas N„^ „^cP^ trK^ /-^  was 
75+75 35 60 
optimum at third cut. ^psn^55^lon ^^Sistered lowest citral/ 
geraniol content. The increase due to N„c^ -7cP^ cK^ ^ over 
/ 5 + / 5 35 bO 
^"^250^55^100 "^^ ^ • ^ ' """^ ^' '^ 5.3% and due t o N^oO+100%^80' ^'^' 
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All the values due to varietal response were critically 
different from each other £. martinii (essentially gerainiol-
containing) gave the maximum over all value. Among the two 
citral-yielding varieties, £. pendulus proved better than 
£. flexuosus, the former exhibiting 11.5, 9«2 and 6.4% more citral 
content than the latter at first, second and third cut 
respectively. 
Considering the effect due to various interactions, 
most of the values differed critically from each other, with 
^100^100^45^80 ^ ^' £12£tinii (followed by N^^^^^P^^K^ x 
£o martinii) proving the optimum combination. For the two 
citral-yielding varieties, N^c+ycP^cKo^, x £. pendulus had better 
effect at each cut. '^pRn^S^Soo ^ —* -flexuosus (equalled by 
Nocu.ocP^ cKor^  ^  C, flexuosus at first and second cut) and 
.^5+<i5 \D iSj — — — ^ — — 
^25+25^15^?0 ^ -• flexuosus at third cut, gave lowest value for 
this quality parameter^ 
4,4.3.7 Citral/geraniol yield at each cut 
On computation, it was noted that, like most other yield 
and quality parameters, the production of citral (in case of 
£« flexuosus and £, pendulus) and that of geraniol (in C. martinii) 
was maximum in treatment ^100+100^45^80 ^^ each cut. At first 
cut, the value given by this treatment proved at par with that 
for N^^^^^P^^K^. The control (^250^55^GO) S^^^ ^ ^e lowest 
value. It is noteworthy that the yield of either one or the 
other constituent was enhanced in the respective varieties in a 
135 
linear fashion as the fertiliser dose was increased from 
"25>25Pl5''20 *° "lOO^lOO^AsV (Table 38). Treatment 
N^^^ ^r^r.^, r-^a,r. Increased these constituents by 15^.3, 167.7 and 
135.5% over the control at first, second and third cut 
respectively, 
C. martinii was noted to provide the maximum value (of 
geraniol); but, out of two citral-yielding varieties, £. pendulus 
recorded more (citral) production than £, flexuosus at each cut. 
£. pendulus registered an increase of 18^9, 23.4 and 20.8% in 
citral yield than C. flexuosus at the respective cut. 
The interaction N^QQ^^QQP, i-K x £. martinii, followed 
by ^75+75^35^60 ^ -' "'^ ^^ '^ J-i Proved optimum. ^^^QP^^K^QQ X 
C. flexuosus (equalled by ^25+25^15^0 ^ -" ^^^^^°sus at first 
and third cut) resulted in minimum value for this parameter. 
4.4.3.8 Pooled citral/geraniol yield 
On further computation, it was noted that pooled yield 
for citral/geraniol was maximum in treatment ^ -100+100^45^80* 
being 151.7% more than in the control. All NPK combinations 
differed critically from each other in this regard, with 
l^oc^ PccK^ ^^  (control) giving the lowest value. 250 55 100 
Considering over all performance of varieties, C, martinii 
gave highest yield (of geraniol), the value being 93.3% more than 
that of citral produced by £, flexuosus. Among the two citral-
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For in t e rac t ion e f fec t , i t may be noted from Table 3^ 
t h a t the geraniol-producing capacity of the best over a l l 
combination (^i00+100^45^80 ^ -* mar t in i i ) was far superior 
to the c i t ra l -producing capacity of a l l the relevant i n t e rac t ions , 
being 38.6% more than, for example, ^^0+50^25^0 ^ -* £^ii^Hiii£' 
t h a t gave the highest value for annual c i t r a l production. 
4,5 Experiment 3 
This f ac to r i a l randomised f ie ld experiment was carr ied 
out to study the effect of three spacings, namely 25 x 25cm, 
50 X 50cm and 75 x 75cm on two c i t r a l - y i e l d i n g v a r i e t i e s of 
lemongrass i . e . £, flexuosus var . OD-19 and £. pendulus var . 
RRL-16. The assessment of the performance of the two was based 
on growth parameters, leaf NPK contents and yie ld and qual i ty 
a t t r i b u t e s a t three cu ts . The individual yield and qual i ty 
parameters were also pooled to obtain data about annual productivit}i 
of herb, e s s e n t i a l o i l and c i t r a l . The r e s u l t s are presented 
below (Tables 39-46). 
4.5.1 Growth parameters 
Growth parameters v i z . shoot length, culm and leaf 
number per p lan t , leaf area and fresh and dry weight per p lant , 
were studied a t the three cuts as in Experiment 4 . The data 
revealed that spacing affected most of the growth parameters 
s ign i f i can t ly . Var ie ta l response was also s ign i f i can t . The 
in te rac t ion effect of spacing x va r ie ty was s ign i f ican t for these 
138 
parameters a t some of the cuts only. The data are briefly-
described in the following paragraphs (Tables39-A1 ) . 
4.5.1.1 Shoot length 
The effect of spacing as well as of the interaction 
(spacing x variety) on vertical growth of lemongrass was not 
significant at any stage (Table 39)« 
The two varieties gave critically different values at each 
of the three cuts. £. flexuosus had longer shoots than 
£, pendulus. 
4.5.1.2 Culm number 
For culm number per plant, the effect of spacing and the 
response of varieties were found to be significant at all the 
cuts, whereas the interaction between the two was significant only 
at third cut (Table 39). 
The spacing of 50 x 50cm gave maximum number of culms at 
each cut. On the other hand, the largest spacing i.e. 75 x 75cm 
gave the lowest value and was surpassed by 29.7, 34.1 and 32,0^ 
by the optimum (50 x 50cm) spacing at first, second and third 
cut respectively. 
As far as varietal response was concerned, £. pendulus 
had more culms than £, flexuosus. The former produced 57.8, 
59.2 and 55«596 more culms than the latter at first, second and 



















































































































































































































































































































































































































































i n • 
139 
Regarding the interaction effect which was significant 
at third cut only, 50 x 50cm X £, pendulus produced most culms. 
The values for all the interactions were critically different 
from each other. The lowest value was given by 75 x 75cm X 
C. flexuosus, which was surpassed by 50 x 50cm X £. pendulus 
by 119.09i. 
4.5.1.3 Leaf number 
Spacing, varieties and their interaction (spacing x variety) 
had significant effect on this parameter at all the three cuts 
(Table 40). 
50 X 50cm, followed by 25 x 25cm spacing, resulted in 
maximiom number of leaves at the three cuts« Compared with this, 
75 X 75cm gave minimum number of leaves which was excelled by 
50 X 50cm by 17.8, 22.2 and 18.9?^  at first, second and third 
cut respectively. 
In the case of varietal response, £, pendulus gave 
103.9, 104.9 and 110.99^  higher values for leaf number than 
£. flexuosus at the three respective cut. The response of the 
two varieties differed critically from each other. 
With regard to interaction effect, maximum number of 
leaves was produced by 50 x 50cm X £. pendulus at each cut. On 
the other hand, 75 x 75cm X £, flexuosus gave lowest value. The 
values for various interactions were statistically different from 
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41 .5 , 45.1 and 41.196 more leaves than 75 x 75cm X £ . flexuosus 
a t f i r s t , second and th i rd cut r espec t ive ly . 
4.5.1o4 Leaf area 
The effect of spacing was significant at first and third 
cut, the response of varieties at all cuts, while the effect due 
to spacing x variety interaction was found significant with 
regard to leaf area of the plant at first cut only (Table 40). 
Spacing of 50 x 50cm which was at par with 25 x 25cm 
resulted in 2.9 and ^,7% higher leaf area than the highest tried 
spacing (75 x 75cm) which exhibited the lowest value at first 
and third cut respectively. 
Regarding varietal response, £o flexuosus produced leaves 
with 84.5, 85,5 and 82.55* greater area than £« pendulus at the 
respective three cut. 
When interaction effect was taken into consideration, it 
was found that 50 x 50cm X £. flexuosus, being at par with 
25 X 25cm X £. flexuosus, gave the maximum value which was 88.696 
higher than that for 25 x 25cm X £. pendulus as well as 
75 X 75cm X £. pendulus (being at par with the former) that gave 
the minimum value at first cut at which the interaction effect 
was significant. 
4.5.1.5 Fresh weight 
The effect of spacing as well as varietal response was 
significant for this parameter at all the cuts. So also was the 
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effect of interaction between spacing and variety (Table 41 ). 
The medium spacing (50 x 50cm) at first and third cut 
(at par with 25 x 25cm at third cut) and 25 x 25cm at second cut 
proved optimum for fresh weight per plant. Conversely, 
significant minimum fresh weight was noted in 75 x 75cm spacing. 
The optimum spacing gave 18.4, 23.8 and 20,59^  more fresh weight 
than 75 x 75cm at first, second and third cut respectively. 
Variety £, pendulus gave 50,1, 47,3 and 32,2?i more fresh 
weight than C, flexuosus at first, second and third cut 
respectively. 
Maximum fresh weight was recorded in 50 x 50cm X 
£, pendulus at first, second and third cutj but the effect was 
at par with that of 25 x 25cm X £, pendulus at each cut. The 
interaction 75 x 75cm X £« flexuosus gave significantly least 
value, 
4,5.1.6 Dry weight 
The pa t te rn of s ignif icance of the ef fec t of spacing, 
response of v a r i e t i e s and the in te rac t ion of the two, with 
regard to the dry weight of p l an t s , were similaur to those on 
fresh weight, except that the in t e rac t ion e f fec t a t t h i r d cut 
was non-s ignif icant (Table 41 ) , 
A spacing of 50 x 50cm (a t par with 25 x 25cm) a t 
f i r s t and t h i r d cut and of 25 x 25cm a t second cut proved bes t . 






































































































































































































































































































































































































































































































































lowest value a t a l l the c u t s . Spacing of 50 x 50cm surpassed 
i t by 28.6, 38.6 and 11.5% a t the three respect ive cu t . 
Regarding va r i e t a l response, £• pendulus gave higher dry 
weight a t a l l cu t s . I t exhibi ted 13 .1 , 20.1 and 23.1?4 more dry 
weight than the other va r i e ty £. flexuosus, a t f i r s t , second 
and th i rd cut r e spec t ive ly . 
The in t e rac t ion 50 x 50cm X £, pendulus, equalled by 
25 X 25cm X £, pendulus a t f i r s t cut and by 25 x 25cm X £. pendulus 
(c lose ly followed by 50 x 50cm X £e pendulus) a t second cut, 
proved optimum for dry weight per p l a n t . 75 x 75cm X £ . flexuosus 
( a t par with 75 x 75cm X £, pendulus a t f i r s t and second cut) 
gave the lowest dry weight. The 50 x 50cm X £ . pendulus 
in te rac t ion showed 35o3 and 57.396 increase in dry weight over 
75 X 75cm X £ . flexuosus a t f i r s t and second cut respec t ive ly . 
4.5 .2 Leaf NPK contents 
The effect of spacing and response of the two v a r i e t i e s , 
regarding leaf NPK contents , were s igni f icant a t a l l the c u t s . 
In terac t ion between spacing and va r i e ty was a lso s ign i f ican t in 
some cases . The r e s u l t s are summarised below (Table 42) . 
4 .5 .2 .1 Leaf-N 
The content of nitrogen in the leaf was significantly 
affected by spacing. Likewise, varietal differences were also 
significant at each cut. However, the interaction was 
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Spacing of 50 x 50cm (a t par with 25 x 25cm a t f i r s t 
and second cut) gave maximum value for leaf-N, giving 8 , 1 , 13.5 
and 13.694 higher values than 75 x 75cm, which resul ted in lowest 
va lue , a t the three respective cu t . 
Regarding the response of the two v a r i e t i e s , £« pendulus 
exhibi ted more nitrogen content and gave 5 .7 , 5.8 and hA% 
higher value than £ . flexuosus a t f i r s t , second and th i rd cut 
r espec t ive ly . 
With regard to in te rac t ion e f fec t , which was s igni f icant 
only a t t h i r d cut , 50 x 50cm X £, pendulus exhibi ted maximum 
va lue . Whereas, lowest leaf-N content was given by 75 x 75cm X 
£ . flexuosus which was surpassed by 17.494 by 50 x 50cm X 
£ . pendulus. 
4 .5 .2 .2 Leaf~P 
The effect of spacing and response of v a r i e t i e s were 
s ign i f i can t a t three c u t s . The inteinaction between spacing and 
va r i e ty was s ign i f i can t a t second and t h i r d cut only (Table ^2) , 
Spacing of 50 x 50cm gave maximum leaf-P content,On the 
contrary , 75 x 75cm gave minimum value. An increase in leaf-P 
of 35.0 , 24.3 and 30.394 over 75 x 75cm a t f i r s t , second and t h i r d 
cut respect ive ly was recorded in 50 x 50cm. 
Regarding v a r i e t i e s , £ . flexuosus showed 6,4, 7.5 and 10.894 
more leaf-P than £, pendulus a t the respective three cu t . 
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Regarding in te rac t ion (spacing x v a r i e t y ) , maximum leaf-P 
content was given by 50 x 50cm X £, flexuosus which was followed 
by 25 X 25cm X £ . pendulus a t second and th i rd cut . Conversely, 
75 X 75cm X £, pendulus gave the l e a s t va lue . 
4 .5 .2 .3 Leaf~K 
The ef fec t of spacing and response of v a r i e t i e s were 
s ign i f i can t with regard to leaf-K content a t a l l the c u t s . The 
in t e r ac t ion between spacing and va r i e ty was found s igni f icant 
only a t second cut (Table 42 )o 
Maximum leaf-K was obtained in 50 x 50cm spacing a t a l l 
the cu t s , whereas the effect of 75 x 75cm resu l ted in lowest 
vaj-ue. The p lants obtained in 50 x 50cm spacing possessed 19 .1 , 
27.6 and 25.2?< higher leaf-K than those grown a t 75 x 75cm a t 
f i r s t , second and t h i r d cut respec t ive ly . 
Regarding v a r i e t a l response, as in the case of leaf-P 
content , £, flexuosus proved superior than £, pendulus, giving 
8.7, 17.5 and 13.7% higher value for leaf-K a t the respect ive 
three cut . 
Among in t e r ac t i ons , a t second cut where leaf-K was 
noted to be s ign i f i can t ly affected, 50 x 50cm X Co flexuosus 
gave optimum value tha t differed c r i t i c a l l y from re s t of the 
combinations. This was followed by the in t e rac t ion 50 x 50cm X 
£ . pendulus, being a t par with 25 x 25cm X £. f lexuosus. The 
in te rac t ion 50 x 50cm X C. flexuosus gave 54.7% higher value 
than 75 x 75cm X £, pendulus which gave the lowest va lue . 
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4.5.3 Yield and quality parameters 
Among yield and quality parameters, herb yield, essential 
oil content, essential oil yield, citral content and citral yield 
were noted at each cut. Separate data for herb, essential oil 
and citral yields for the three cuts were pooled to obtain annual 
yields. Effect of spacing, as well as of varietal response was 
significant for each parameter, except essential oil yield at 
third cut. The effect of interaction (spacing x variety) was 
also significant for all parameters, except essential oil content. 
The highlights of the results are given below (Tables43-46). 
4.5.3.1 Herb yield at each cut 
As far as herb yield was concerned, significant effect of 
spacing and response of varieties were recorded. The interaction 
effect of the two was also significant (Table 43). 
Maximum herb yield was produced by the plants transplanted 
at 50 X 50cm spacing. The effect was at par with that of 
25 X 25cm at first and second cut. Spacing of 50 x 50cm resulted 
in 18.3, 31.8 and 26.79^  more herbage production at first, second 
and third cut respectively over 75 x 75cm spacing that produced 
the minimum herb yield. 
Among varietal effect, £• pendulus gave 31.2, 30.7 and 
17.1% more herbage than the other variety, £. flexuosus at the 
respective three cut. 
With regard to interaction effect, maximum herbage was 


























































































































































































































































































































































































































































a t par with t ha t of 25 x 25cm X £ . pendulus a t f i r s t and second 
cu t . The in t e rac t ion 75 x 75cm X £, flexuosus, on the other 
hand, gave minimum value a t a l l c u t s . Variety £ . pendulus, 
t ransplanted a t 50 x 50cm^suiT3assed the inteiraction 
75 X 75cm X C, flexuosus by 48.4, 64.0 and 46.694 a t f i r s t , second 
and t h i r d cut r espec t ive ly . 
4.5c3.2 Pooled herb yield 
Table 44 indica tes t h a t the ef fect of spacing, as well 
as the v a r i e t a l response, on pooled herb yield was s ign i f i can t . 
The in te rac t ion effect was also found to be s ign i f i can t on th i s 
parameter. 
Maximum pooled herbage was obtained in 50 x 50cm spacing, 
which produced 25.29^ more herb than 75 x 75cm which exhibited 
lowest value. 
With regard to v a r i e t i e s , £o pendulus showed i t s 
super io r i ty over £ . flexuosus by producing 25.996 more herbage 
on annual b a s i s . 
Among various i n t e r ac t i ons , 50 x 50cm X £» pendulus, 
equalled by 25 x 25cm X £ . pendulus, gave optimum value . On the 
other hand, minimum herbage was exhibi ted by 75 x 75cm X 
£ . flexuosus t ha t was surpassed by 50 x 50cm X C, pendulus, the 











































'::^  B 
o >, 


























































































































• • CM in 
0\ 00 
in a^ 
CTi i n 
• • 00 UD 
^ O 
T - r -
oo in 
• • 
h - CVJ 
"T- O 















t , QJ-P 
Qj -H a 













































































i n f'^ 
CO O 















QA c CO 
• QJ 





- P CO 
c "d x: 
QJ f H ' - ^ 
t r QJ bO 
CO - H ^ 







































O CM VO 
• * • 00 in >x> 
h n CTN VD 
<f <t <t 
CO en CO 
en CTi <i" 
• • • 
o in CO 
v£) C ^ T -
in vD <U3 
T- 00 Q 
ro <r -5 
• • • 
VsD CM e n 
O C-- 00 

















P . c CD 
• • 0 
U | C_)| S 
^-s 
•d H CD 
QJ CO "d x : 
O +J QJ tlO 
O -H -H ^ 






















































































4.5.3.3 Essential oil content 
The effect of spacing and the response of varieties were 
found to be significant at each cut; but the interaction effect 
of the two was non-significant (Table 43)o 
Maximum essential oil content was noted in 50 x 50cm 
(equalled by 25 x 25cm), whereas 75 x 75cm resulted in significant 
lowest value at each cut. 
Variety £. flexuosus exhibited 13.9, 15.7 and 15,2% more 
essential oil than £, pendulus at first, second and third cut 
respectively, 
4.5.3.4 Essential oil yield at each cut 
The effect of spacing varietal response and the effect 
of interaction between spacing and variety were found significant 
at all the cuts, except varietal response at third cut (Table 45 ), 
Maximum value for oil yield was registered in 50 x 50cm 
spacing (at par with 25 x 25cm at first cut) at each cut. It 
produced 20,4, 36,0 and 33,3% more essential oil than that given 
by 75 X 75cm at first, second and third cut respectively. 
£, pendulus proved better than C, flexuosus for this 
parameter. The former produced 15,4 and 14,096 more oil than the 
latter at first and second cut respectively. 
Among interaction effects, 50 x 50cm X £9 pendulus 
(equalled by 25 x 25cm X £, pendulus at first and second cut) 
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proved bes t . On the other hand, 75 x 75cin X C. flexuosus, being 
a t par with 75 x 75cm X £ . pendulus a t each cut , gave the minimum 
value . The in t e rac t ion 50 x 50cm X C. pendulus resu l ted in 
31 .3 , 46.2 and 31.996 higher yield of e s sen t i a l o i l than 
75 X 75cm X C, flexuosus a t f i r s t , second and t h i r d cut 
respec t ive ly . 
4 .5 .3 .5 Pooled essent ia l o i l y ie ld 
When computed on annual bas i s , the spacing treatment 
50 X 50cm proved optimum as in the case of most of the other 
growth and yield parameters. I t produced 29.1^6 more o i l than 
75 X 75cm, tha t gave the lowest value (Table 4 4 ) . 
Among the two v a r i e t i e s , C. pendulus showed 10.296 higher 
o i l yield annually than £, f lexuosus. 
As far as the ef fect of in te rac t ion was concerned, 
£ . pendulus when t ransplanted a t 50 x 50cm spacing (equalled by 
25 X 25cm X £ , pendulus) proved bes t . I t excelled the in te rac t ion 
75 X 75cm X £, flexuosus by producing 36.0% more o i l on annual 
b a s i s . 
4.5.3.6 Cltral content 
Like other yield and quality parameters, the effect of 
spacing treatment and varietal response were found significant 
for this parameter. The interaction of spacing x variety also 
proved to be significant (Table 45). 
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Spacing 50 x 50cin showed its superiority over 75 x 75cm 
by giving 2.6, 2.1 and 2.1% more citral content at first, second 
and third cut respectively. 
Regarding varieties, C. pendulus proved 10.0, 11.6 and 
12.5% better for citral than variety C. flexuosus. 
Among various interactions, 50 x 50cm X £. pendulus at 
first and second cut and 25 x 25cm X £. pendulus at third cut 
gave maximum citral content. Interaction 75 x 75cm X £. flexuosus 
(equalled by 25 x 25cm X C. flexuosus at first cut), on the other 
hand, gave the minimum value for the three cuts and was surpassed 
by 50 X 50cm X C. pendulus by 12.5, lA.O and 14.1% respectively 
at first, second and third cut. 
4.5.3.7 Citral yield at each cut 
The effect of spacing, varietal response and the 
interaction of spacing x variety proved significant for this 
parameter (Table 46). 
The spacing 50 x 50cra, being at par with 25 x 25cm at first 
cut, gave maximum citral yield, while 75 x 75cm produced minimum 
citral at each cut. The value noted for 50 x 50cm was 23.9, 39.3 
and 51.9% higher than that for 75 x 75cm at first, second and 
third cut respectively. 
Variety C. pendulus maintained its superiority over 
C. flexuosus by giving 27.0, 27.4 and 13.3% more citral yield at 
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Among different interactions, 50 x 50cm X £. pendulus 
(equalled by 25 x 25cm X £. pendulus at first and second cut) 
proved optimum and it exceeded 75 x 75cm X £, flexuosgs by 
47.7, 66.6 and 50.59^  at the three cut respectively, 
4.5.3.8 Pooled citral yield 
The spacing 50 x 50cm produced 32.59^  more citral, when 
computed on annual basis, than the spacing 75 x 75cm (Table 44). 
Variety C. pendulus gave 22.59^  more citral in terms of 
annual production than variety C. flexuosus. 
Interaction, 50 x 50cm X C, pendulus, being at par with 
25 X 25cm X C. pendulus, exhibited 54.394 more citral production 
yearly than interaction 75 x 75cm X C, flexuosus. 
4.6 Experiment 6 
In this factorial randomised field trial, the comparative 
efficacy of nitrogen applied in two (i.e. at transplantation 
and first cut) or thi^e splits (i.e. at transplantation, first 
and second cut) of three selected NPK combinations, containing 
100, 150 or 200 kg N, 25, 35 or 45 kg P and 40, 60 or 80 kg K/ha 
i.e. N5Q^5QP25K^» ^33+33+34^25^40' ^ 75+75^35^60' ^ 50+50+50^35^60' 
^100+100^5^80 ^""^ V+67+66^5^80' "^^ ""^ ^^ ^^ ^ °^ ^ ^^ ^^"^ 
three varieties of Cymbopogon. As in the earlier experiments, 
assessment was based on growth, yield and quality parameters 
noted at three cuts in October, December and April, The data of 
this experiment are briefly described below (Tables 47-61 ), 
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4.5,1 Growth parameters 
Shoot length, culm and leaf number, leaf area and fresh 
and dry weight were found to be s ign i f i can t ly affected a t each 
cut by two or three appl ica t ions of n i t rogen. The response of 
v a r i e t i e s and the e f fec t of in te rac t ions between nitrogen s p l i t s 
and va r ie ty was a lso s ign i f i can t for these parameters. The data 
regarding each growth parameter are described separately below 
(Tables 47-52). 
4 .5 .1 .1 Shoot length 
The treatment ^75+75^35^60 ^^^^"S a't Par with 
Uc-rs^cQ+izQ^i^c^f^) proved optimum for shoot length per plant a t 
each cu t . On the other hand, ^33+33+34^05^0 (^'l^^l^'^ ^V 
N -^ou.cr^ Poc:K/^ ) produced the lowest value for v e r t i c a l growth 
of the p l an t . The combination ^75+75^35^50 showed an increase 
of 13.8, 12.1 and 11.19^ over ^^50+50^25^40 ^^ fir 'St, second and 
t h i r d cut respect ive ly (Table 47)« 
Among the v a r i e t i e s , _C, mar t in i i proved to be t a l l e s t , 
followed by £, flexuosus and £ . pendulus in tha t order . The 
shoot length of £ . mar t in i i was 114.7, 111.0 and 105.294 more 
than tha t of £ . pendulus a t f i r s t , second and t h i r d cut 
respec t ive ly . 
Regarding in te rac t ion e f fec t , N^QQ^.QQP, C^OQ X £ . mar t in i i 
and ^57+57+55^45^80 ^ £• mar t in i i proved equally superior to the 
e f fec t of other i n t e r ac t i ons . At each cut , N^c^TcP f^cK^o ^ 
fD'^fD JD D O 
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was noted t o be the second b e s t . On the c o n t r a r y , t h e minimum 
v a l u e , given by ^^IOQ+^QO^L^^^QQ ^ £• pendulus ( e q u a l l e d by 
^67+67+66^45^80 "" -' ££Ii^HiH£)» ^^s surpassed by N^^^^^p^^K^ x 
C. f lexuosus by 150.0 , 157.3 and 146.9% and by N^00+100^45^80 ^ 
C, m a r t l n i i by 170 .2 , 172.1 and l67.19i a t the t h r ee r e s p e c t i v e 
c u t . 
4 . 6 . 1 . 2 Culm number 
Table 48 i n d i c a t e s t h a t the t r ea tmen t ^^QQ+^QO^I^^^QQ ^^^ 
'^ f^ 7+67+6ft^ Zi«=;^ W)* ^l^i^h were a t pa r with each o t h e r in t h e i r 
e f f e c t , produced maximum culms pe r p l a n t . Whereas, the two 
f e r t i l i s e r combinations (N^o+50^25^40 °^ ^33+33+34^25^40^ 
con ta in ing the lowest NPK doses , recorded minimum v a l u e . Thus, 
as P and K doses were s i m i l a r in both these combinat ions , i t 
was e s t a b l i s h e d t h a t 100 kg N had the l e a s t e f f e c t i r r e s p e c t i v e 
of the f ac t whether i t was d ressed twice or t h r i c e . Treatment 
^100+100^45^80 ^^s^l"*^®^ ^^ ^9^^f 22.5 and 23.9?^ more culms 
than ^33+33+34^25^40 ^^ ^^^ t h r e e r e s p e c t i v e c u t . 
Among the v a r i e t i e s , £ . m a r t i n i i performed b e s t . At 
t h i r d c u t , the response of t h i s v a r i e t y was equal t o t h a t of 
£ . £gr^ulus_. V a r i e t y C, m a r t i n i i produced 5 2 . 7 , 51 .8 and 48.3% 
more culms a t f i r s t , second and t h i r d c u t r e s p e c t i v e l y than 
£ . f lexuosus t h a t recorded the minimum v a l u e , 
Taking i n t o account the i n t e r a c t i o n e f f e c t a t each c u t , 
^100+100^45^80 "" - • "^^^^^^^ ^^^ ^67+67+66^45^80 "" -' '"^^^^^^^ 
























•^  r-l 
a. 


































































































































































































































« o i n 
o 
O 
o i n 
O 
O 







• o i n 
03 
t--
o i n 
































































resulted in 19.4, 21.4 and 23.99^  more culms than the least 
effective combination (N^^^^^^,^P25K^ x £. flexuosus) at the 
three cut respectively. The values for the optimum and the 
least effective interactions were statistically different from 
those for rest of the interactions. 
4,5.1.3 Leaf number 
As in the case of number of culms per p lan t , ^^00+100^45^80 
and f^ 67+67+66^ZiS f^ln P^^ "^ *^^  "^t P^^ ^^^ gave maximum value for 
t h i s parameter, while ^^3+33+34^^25^40 (equalled by N5Q^.5QP25K^) 
produced minimum leaves a t each cut . The increase in 
^100+100^45^80 ^^^ 'l'*-^, 14.5 and 12.694 over i^^^^^^^^ 1,^25^0 
a t f i r s t , second and t h i r d cut respect ively (Table 49 ) . 
The three v a r i e t i e s produced c r i t i c a l l y d i f ferent values 
a t each cut in the order: C, mar t in i i > C. pendulus > £. flexuosus 
£ . mar t in i i surpassed the va r i e ty C. flexuosus by 192.1, 195.7 
and 194.296 a t the three cut respec t ive ly . 
Regarding in te rac t ion e f fec t , ^-j00+100^45^80 ^ -* '"^^^'^^^^^ 
(being a t par with ^67+57+66^45^^ ^ ~* mar t in i i ) proved the 
best combination for leaf production and the l e a s t value was 
obtained in ^33+33+34^05^40 ^ - ° flexuosus (equalled by 
^50+50^25^40 ^ —• flexuosus) a t a l l cu t s . The optimum combination 
produced 231.2, 241.6 and 232,096 more leaves than in te rac t ion 
^^•^+^^+^L^ock^LQ ^ £• flexuosus a t f i r s t , second and th i rd cut 
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4,6.1.4 Leaf area 
Leaf area was noted to be highest in treatment 
^100+100^45^^' ^^^ ^^^ effect was at par with that of 
^67+67+66^45%) ^""^ ^50+50+50^35^0 ^^ ^^^^^ ^^^ ^ ^^ °^ 
^67+67+66^45^80 ^""^ ^75+75^55^60 ^^ ^^^^^ ^"^- "^ ^^  ^°^^^^ 
applied dose of NPK ( i r r e spec t ive of whether N was applied 
twice or t h r i c e ) , on the other hand, exhibi ted minimum value 
a t the three c u t s . Treatment N<JQQ .^^ QQP^CKQO resu l ted in 165.9, 
175«.5 and 197.796 more leaf area than the treatment ^^3+33+34^25^40' 
tha t produced minimum value a t the three cut respect ive ly 
(Table 5 0 ) . 
The order, in which three v a r i e t i e s responded in t h i s 
study, was noted to be £. flexuosus > C_. pendulus > £. martinii 
a t each cut . 
So far as in te rac t ion effect was concerned, in general , 
a l l the six NPK combinations when in te rac t ing with va r ie ty 
£ . flexuosus produced higher va lues , followed by the respective 
f e r t i l i s e r dose x £. pendulus and C. mar t in i i in tha t order . 
The in t e rac t ion N^oo+io0^45''^80 ^ —* ^l^^^°sus resu l ted in leaves 
with maximum area, whereas ^•K^+^^+^iJ^pci^i.o ^ £• mar t in i i (being 
a t par with NcQ+cQPpcK^ x £ . mar t in i i ) showed minimum effect a t 
the three c u t s . The observed difference in these two in te rac t ion 
ef fec ts was 301.3, 306.7 and 351.694 a t f i r s t , second and th i rd 
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4 . 6 . 1 . 5 Fresh weight 
The treatment ^^Q+P^Q+^Q^^^^^ (being at par with 
N^^+ycP^cK^ at third cut) resulted in maximum value for fresh 
weight per plant. It showed an increase of 45.1, 45.9 and 35.7% 
over treatment ^50+50^25^40' ^^^^ ^^^^ ^^ lowest value at first, 
second and third cut respectively (Table 51). 
The variety, C, martinii had 45«5, 51»7 and 35.3% higher 
fresh weight than £, flexuosus, whose response was found to be 
poorest at first, second and third cut respectively. 
The interaction ^50+50+50^35^60 ^ -* martinii at first 
and second cut and %7+67+66^45^80 ^ -' "^^^^"^^ "^t third cut 
gave the highest value. On the other hand, ^50+50^25^40 ^ 
£. flexuosus resulted in lowest fresh weight at each cut. The 
combination ^50+50+50^35^60 ^ -' "martinii gave 112.0, 111.2 and 
58.7% higher value than the combination giving lowest value 
at the three respective cut. 
4 . 6 . 1 . 6 Dry weight 
Treatment e f f e c t , v a r i e t a l response and i n t e r a c t i o n e f f e c t 
were s i g n i f i c a n t . The combination Nco+50+50^^5%0 ^^ f i r s t and 
second cut and ^57+57+55^^15^00 a t t h i r d cut produced maximum 
dry weight . Al l t he s i x t r ea tmen t combinations r e s u l t e d in 
s t a t i s t i c a l l y d i f f e r e n t v a l u e s a t each c u t . At the r e s p e c t i v e 
t h r e e cu t , %o+50+50^35^60 P^o^^'^^^ 6 6 . 2 , 60.6 and 38.1% more 
dry mat te r than ^^0+50^25^40 '^^^'^ recorded the minimum value 
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Variety £, martlnii accumulated majclmum dry matter, 
followed by £, pendulus and £. flexuosus in that order. 
C, martlnii had 48,6, 50.8 and 39.09^  higher dry weight than 
C. flexuosus at first, second and third cut respectively. 
Taking into account the interaction effect, at first and 
second cut, ^ 50+50+50^35^0 ^ -* '"^ "^^ ^^ ^^  (equalled by 
N^ ^^ t^-P^ K^^ ^ X C, martlnii at second cut) and at third cut, 75+/5 35 bO — 
^67+67+66^45^^ ^ —• martlnii, exhibited maximum dry weight 
per plant. Interaction £^50+50^ 25^ 40 ^ —° ^l^xuosus, on the other 
hand, recorded minimum value and was surpassed by ^ 50+50+50^35^60"^ 
C. martlnii by 139.5, 131.2 and 64.9% at the respective three 
cut, 
4 . 6 . 2 Leaf NPK con t en t s 
In g e n e r a l , the e f f e c t of v a r i o u s t r e a t m e n t , v a r i e t a l 
response and the e f f e c t of T x V i n t e r a c t i o n on l ea f -N, -P and -K 
c o n t e n t were s i g n i f i c a n t (Tables 53-55 ) . 
4 . 6 . 2 . 1 Leaf-N 
^100+100^45^ ^^ ^^""^^ ^""^ second cut and ^^Q+^o+^o^^^^eo 
(being at par with %7+67+65^45^W)) ^ ^ third cut exhibited maximum 
leaf nitrogen content. On the contrary, ^-^^+^^-^+^1.^25^0 ^^ 
first two cuts and Nj.^ . (-^ P^ cK, ^  at third cut showed minimum value 
50+50 25 40 
(Table 5 3 ) . Leaf-N in ^QQ+^QQ^I^^^ was 19.5 and 20.6% more a t 
f i r s t and second c u t , whereas a t t h i r d c u t , ^C^Q+C,Q+I=,Q^^I^^^ W^S 
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Compared to £ . flexuosus, £. mar t ln i i recorded 14.3, 13.5 
and 8.1% higher ni trogen in leaves a t f i r s t , second and th i rd 
cut respec t ive ly . At th i rd cut , the response of £ . pendulus 
which held an intermediate pos i t ion a t f i r s t two cuts was a t par 
with C. flexuosus in i t s e f fec t on leaf-N content . 
Among in te rac t ion e f f e c t s , ^100+100^45^80 ^ —' "^^^^^^^ 
a t f i r s t and second cut and ^57+57+55^45^^) ^ 2 ' mar t in i i a t 
t h i r d cut proved best and were c r i t i c a l l y d i f ferent from a l l 
other i n t e r ac t i ons , surpassing N^5+x3+x4P25^40 ^ —* ^l^xuosus 
by 45.5, 49.3 and 20.0% a t the respect ive three cu t . 
4 .6 .2 .2 Leaf-P 
Treatment N^^^^^P^^K^ was a t par with N^Q^^Q^^QP^^K^ 
a t a l l three cuts in producing maximum content of phosphorus 
in leaves . On the other hand, ^53+33+34^25^40* "^^^^^ ^ave the 
lowest value , was equalled by ^i-.n+c^Q^p'b^UO ^^ each cut (Table 54). 
The difference between the optimum and l e a s t effect ive treatments 
was 29.9, 32.2 and 21.8% a t the three cut respec t ive ly . 
The pa t te rn of content of phosphorus in leaves of the 
three v a r i e t i e s was the same as tha t of ni trogen content . Three 
v a r i e t i e s responded in the order; C. mar t in i i > C. pendulus > 
C. f lexuosus. £ . mar t in i i maintained i t s super ior i ty over 
£ . flexuosus by showing 32 .5 , 35.1 and 42.4% higher value a t 
the three cut respec t ive ly . 
However, when treatment x va r i e ty in te rac ted , 
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^67+57+66^45^80 ^ —' "^^i^^^J-J-.produced h ighes t va lue a t each 
of the t h r e e c u t s . Unlike o t h e r pa ramete r s , lowest va lues were 
recorded in N^QQ^^QQP^^KQQ X C . f lexuosus and \'j^e7^e6^h5^80 "" 
£ , flexuosus* 
4 . 6 . 2 . 3 Leaf~K 
The treatment N^Q^^Q^^QP^^K^ at first cut, N^^^^^P^^K^ 
at second cut and again Nyt-^ yc-P,cK/-p. (being at par with 
^50+50+50^55^60^ ^^ third cut resulted in maximum leaf potassium 
content. Treatment ^^^+^^+^i^P2^^U0* ^^^^^^^^ ^^ ^50+30^25^40 
showed lowest concentration of this nutrient. The treatment 
^Y3-i-75^35^60 resulted in 28.0, 21 .7 and 26.0% higher value than 
N,,^ ;,^ ^^ ,P j-K, at first, second and third cut respectively 
(Table 55). 
C. martini! gave 28.8, 28.6 and 20.1?^  more leaf-K at the 
respective thr^e cut than £. flexuosus, recording minimum value. 
^100+100^45^80 ^ ^' HlHliliii at first cut, N^QQ^^Q^P^^KQ^ X 
C. martinii (being at par with N^y^^y^g^P,cK^^ x £. martinii) 
at second cut and ^-i00+100^45^80 ^ -' martinii (being at par with 
some other interactions) at the last cut, produced maximum values. 
Whereas, the lowest (at par) values were obtained in 
^100+100^45^80 "" -• nexuosus and N^^^67+66^45^80 "" -* ^exuosus 
at each of the three cuts. The optimum interaction 
^^100+100^45^80 ^ -• martinii) gave 77.5, 73.0 and 52.2% higher 
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4.6.3 Yield and quality parameters 
Among yield and qual i ty parameters, herb y ie ld , e s sen t i a l 
o i l content, e s s en t i a l o i l y ie ld , c i t r a l / g e r a n i o l content and 
c i t r a l / g e r a n i o l yield per hectare were studied a t each cut . 
Besides, the three yield a t t r i b u t e s were pooled to get annual 
herb yie ld , e s s e n t i a l o i l y ie ld and c i t r a l / g e r a n i o l y ie ld . I t 
was observed tha t the treatment e f fec t , v a r i e t a l response and 
t h e i r in te rac t ion effect on these yield and qual i ty parameters 
were s igni f icant both a t individual cut and on pool ana lys i s . 
The highl ights of the data are b r ie f ly described below 
(Tables 56-61 ) . 
4.6.3.1 Herb yield at each cut 
A perusal of Table 56 shows tha t ^i00+100^45^80 ^^^^^ 
a t par with ^^67+67+66^45^80^ ^^^^ maximum herbage a t each cut . 
Treatment ^^^+^^+j>i^^25^UO ^^ ^^^st cut and N5Q^5QP25K^Q (being 
a t par with ^33+33+34^25^40^ ^^ second and t h i r d cut , resul ted 
in lowest va lue . The optimum f e r t i l i s e r treatment (N-]oo+100^4S^80' 
enhanced herb production by 20.2, 18.9 and 17.796 compared to 
N^3+;5:5+3APpcK^ a t f i r s t , second and t h i r d cut respec t ive ly . 
Regarding the v a r i e t a l response, £ . mar t in i i produced 
maximum herbage, followed by £. pendulus and £ . flexuosus in 
tha t order. I t produced 44.3 , 43.0 and 42,0% more herbage than 
the va r ie ty £. flexuosus a t the three respective cu t . 
Among various i n t e r a c t i o n s , ^-i00+-100^45^80 ^ —' ^^^'^^^^^ 
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bv N„^ r^cP^rrK,-^ X C, m a r t i n j l which was a t pa r with 
^ 7 5 + o DO DU — 
N^^^r.^ troP,^K^_ X C. m a r t i n i i ) was noted to show h ighes t herb 50+50+50 55 WJ "~ —^^—— 
p r o d u c t i o n . I n t e r a c t i o n ^^-^^-^-^^j, 1^25^1^ ^ £• ^ lexuosus (having 
equa l e f f e c t wi th "^^Q-^^^^^":)^^ ^ -* f l e x u o s u s ) , on the o the r 
hand, produced lowest value a t each of the t h r e e c u t s . 
4 . 5 . 3 . 2 Pooled herb y i e l d 
On computation of herb y i e l d noted a t the t h r e e c u t s , 
t r e a t m e n t ^'\QQ^'\Q^u,^^ proved optimum; but a t pa r with 
^67+67+66^5^80 ' ^^^^^ ^33+33+34^25^40 ^^^^ ^^^ 1°^^^^ ^^^^^• 
N>,r^^^^^^P/cKo/^ produced 18.99^ more herbage annua l ly than the 
1U0+100 HO oU 
l e a s t e f f e c t i v e t r ea tmen t (^^3+33+34^25^0^* '^^^ v a r i e t y 
£ . m a r t i n i i gave 43.19^ more herb y i e l d than £ . f lexuosus 
mainta in ing the t r e n d noted a t i n d i v i d u a l c u t . The i n t e r a c t i o n 
^100+100^45^80 ^ £• °^^^^^"^^ (^^i^g ^^ P^^ ^^^^ ^67+67+66^45^80 "" 
£• m a r t i n i i ) gave 91.6% higher herb y i e l d than ^33+33+34^05^40 ^ 
£ . f l exuosus , t h a t recorded the minimum value (Table 5 7 ) . 
4.6.3.3 Essential oil content 
The value for this parameter was noted to be maximum in 
treatment ^75+75^35^50* showing equal effect with ^50+50+50^35^60 
at each cut. The value for N^^^^ P K ^ was 17.2, 17.4 and 17.4% 
more than in ^^^^j.i^-^L^^'o'^^ (equalled by \Q^C^^2'i>'^l4^^' "^^ ^^  
showed poorest effect at the three respective cut (Table 58), 
£. martinii gave highest essential oil content. £. flexuosus 
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recorded minimum value. However, at third cut, the values 
produced by C. flexuosus and £. pendulus were at par. Variety 
C. martinii gave 13.4, 14.0 and U,9% more essential oil content 
than £, pendulus at first, second and third cut respectively. 
Among interactions (fertiliser treatment x variety), 
^75+75^35^60 "" ^' "^ '^'^ ^^ ^^  ^^^^^S at par with ^^Q+^Q^^QP^^^eo "" 
C. martinii and with a few other interactions at the first two 
cuts) gave maximum value. On the contrary, at third cut, 
^75+75^35^60 "" ^ * ^^^^"°^"^ (equalled by ^50+50+50^35^60 ^ 
£. flexuosus) had the best effect. ^-)00+100^45^ ^ -* P££^ iiiii£' 
showed the least content at each cut. 
4.6,3.4 Essential oil yield at each cut 
As in case of essential oil content, fertiliser treatment 
^75+75^35^60 ("^^^^^g ^ ^"^1 effect with ^^Q+^Q+^QP^^^QQ^ gave 
maximum value at each cut for this attribute. It was 36.2, 
35.0 and 29.9% higher than those for ^^^^j,^+j,i^P2^^hO ^^ ^^^ 
three respective cut. The latter, being equalled by ^c.rs+c.rJ^o'^^hO 
at each cut, produced minimum essential oil (Table 59)« 
C. martinii proved to be the maximum essential oil 
producing variety, followed by C« pendulus. £, flexuosus 
produced the least quantity of essential oil per hectare at 
each of the three cuts. Variety £, martinii surpassed 
£. flexuosus by 53.1, 51.6 and 44.39^  at first, second and 
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Maximum essen t i a l o i l y ie ld was obtained in in te rac t ion 
^100+100^45^80 ^ -* mar t l n i l . I t was equalled by 
N^^ rr. /r^P, cK„o X C. mar t ln l i a t each cut . The optimum in te rac t ion D/'+by+bb Uo oO ~ — _ _ — — 
was followed by ^75+75^35^50 ^ £* mar t ln i l (equalled by 
%0+50+50^35^60 ^ £* m a r t i n i i ) . On the other hand, N^^^^^^^^P^^K^O ^ 
£. flexuosus showed l e a s t value (but was a t par with ^5o+50^25^4O ^ 
C, flexuosus) a t each cu t . 
4 .6 .3 .5 Pooled e s sen t i a l o i l y ie ld 
Table 57 indicates tha t Nyc+ycP^c^^n ^t»eing a t par with 
^50+50+'50^^5'^60^* among the various f e r t i l i s e r treatments and 
£ . mar t ln i l , among three v a r i e t i e s , were best for e s sen t i a l 
o i l production. The value recorded for Nyc^ .ycP:5cKgQ was 33.896 
more than tha.t for ^33+33+34^25^40* ^'^^^ ^^^^ '^^ ^ lowest o i l 
yield on annual basis as i t did in the three separate cuts 
a l s o . £. mar t in i i was found 49.89^ b e t t e r for pooled data of 
t h i s parameter than £. f lexuosus. 
The in te rac t ion N-QQ^-QQP, -^K x £. mar t i n i i , equalled by 
^67+67+66^45^80 ^ —' 2l££ii£lii» resul ted in highest value, 
whereas N^^ 
+33+34^25^40 ^ ~* — 
xuosus (at par with N^^ 
+50^25^40 ^  
£. flexuosus) recorded minimum annual essential oil production. 
4.6.3.6 Cltral/geranlol content 
Treatment ^^^^^r^^^^^"^^ (equalled by N^Q^^Q^^QP^^K^) 
proved best for t h i s qual i ty a t t r i b u t e a t each of the three 
c u t s . Whereas, ^j^-^^^^^^i,^2'D\O ^^^^""^ ^^ P^'' ^^^^ ^50+50^25^40^ 
163 
a t f i r s t and second cut and ^50+50^25^40 ^* "third cut , recorded 
m inimum value (Table 60), 
I t may be recal led t h a t , among the three v a r i e t i e s , 
e s s e n t i a l o i l s of £, flexuosus and £. pendulus were r ich in 
c i t r a l and tha t of C. mar t in i ! , in ge ran io l . Variety C. mar t in i ! 
proved best (of course, for geraniol con ten t ) . Among the two 
c i t r a l - y i e l d e r s , C. pendulus proved 10,3 , 8.0 and 10,294 be t te r 
than C. flexuosus on t h i s basis a t the three respective cut . 
Among in te rac t ion e f fec t , ^^^^jc^^^"^^ ^ C. mar t in i ! 
(being a t par with ^^Q^C^Q^^Q'^^^^^Q ^ £• mar t in i ! , 
^100+100^45^ ^ ^- mar t in i ! and N^y^67-^66^45^80 ^ ^ ' ^^llUllD 
a t f i r s t cut , ^100+100^45^80''^ - ' mar t in i ! , equalled by 
^67+67+66^45^80 ^ -* °°^^"^^"^^ ^"^ followed closely by 
Nyc^ycP^zcKgQ X £ . mar t in i ! a t second cut and N75+75P35K50 ^ 
£ , mar t in i ! (being equalled by ^-^00+100^45^^ ^ - ' °°^^"t^n!!) 
a t t h i rd cut , showed maximum e f fec t . ^50+50^25^40 ^ —' flexuosus, 
on the other hand, resul ted in l e a s t value and was surpassed 
by ^75+75^35^60 ^ - ' mar t in i ! by 25.7, 20,7 and 27.854 a t the 
three cut respec t ive ly , 
4,6 ,3 .7 Cltral/geranlol yield at each cut 
Like c i t r a l / g e r a n i o l content in the e s sen t i a l o i l s , 
treatment N^^^^^P^^K^ (being a t par with ^+50+50^35^60^ proved 
optimum, when yields were obtained by computation. I t gave 37.9, 
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t ha t gave minimum yield but was a t par with the treatment 
^50+50^25^40 ^^ ^^^ three cut respect ive ly (Table 5 1 ) , 
Among v a r i e t i e s , the value recorded for £» mar t in i i was 
maximum. On comparing the two c i t r a l - y i e l d i n g v a r i e t i e s , i t was 
noted tha t £ . pendulus produced 32.6, 28,6 and 34,4^6 more c i t r a l 
than £, flexuosus a t f i r s t , second and th i rd cut respec t ive ly . 
^100+100^45^80 ^ - • "^^^^^"^^ (being a t par with 
^67+67+66^45^80 ^ —' mar t in i i ) gave highest value a t each cut , 
being 230.7, 213.0 and 201.79^ more than ^^^+^^+^i^P25^hO ^ 
£ . flexuosus (equalled by Nco+50^25^40 ^ - ' flexuosus) which 
gave minimum value a t the three cut respec t ive ly . 
4 .6 .3 .8 Pooled c l tral /geraniol yield 
When the data for the three cuts were pooled, treatment 
Nyc+ycP-zcKgQ produced 34.69^ more of c i t r a l / g e r a n i o l than 
N33+33+3^P25K^ giving l ea s t value (Table 57)« 
Again, C. mar t in i i recorded maximum value for annual 
geraniol yield per hec tare . £« pendulus showed 31.89< more c i t r a l 
yield than £ . flexuosus on annual b a s i s . 
The in t e rac t ion ^^00+100^45^80 "^  -* "'^^'^^"^^ (being a t 
par with ^f.^v+f.'y+f.f.^i.c^ar) ^ £• mar t in i i ) had maximum effect , 
N^,^3^^,,PpcK^ X £. flexuosus, on the other hand, recorded 
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4.7 Experiment 7 
This last factorial randomised field trial was carried 
out on £, martinii (palmarosa grass) side by side with 
Experiment 6 as the variety could not be included in the earlier 
conducted Experiment 5, due to scarcity of available plant 
material. Three spacing5(25 x 25cm, 50 x 50cm and 75 x 75cm) 
and two fertiliser doses (^^^+75^35^50 ^ "^^  ^ 100+100^45%)^ ^^ 
all possible combinations formed the basis of the experiment. 
The aim of this field trial was to establish the optimum spacing 
for £, martinii with respect to each applied fertiliser 
combination under the local conditions. The data on growth, 
leaf NPK contents, yield and quality were found to be significant 
and are summarised in Tables 62-69 . They are described briefly 
below. 
4.7.1 Growth parameters 
Grovth parameters viz. shoot length, culm and leaf number, 
leaf area, fresh weight and dry weight, were studied at three 
cuts. Spacing affected all growth parameters significantly. 
Fertiliser treatment also had significant effect on most of these 
attributes. The interaction effect of spacing x fertiliser 
generally proved non-significant. The significant data for each 
growth attribute are described below in brief (Table 62-64). 
4.7.1.1 Shoot length 
Maximum shoot length was recorded in the spacing 
50 X 50cm. Its effect was at par with that of 25 x 25cm at 
166 
each c u t . The h ighes t t r i e d spacing (75 ^ 75cm) r e s u l t e d in 
l e a s t value a t each of the th ree cu t s (Table 62) , 
Among the two f e r t i l i s e r doses , the h igher dose 
^^100+100^45^80^ proved 2 . 2 , 1.7 and 2.696 b e t t e r than 
N„c+75P3cKgQ fo r shoot l eng th p e r p l a n t a t f i r s t , second and 
t h i r d cut r e s p e c t i v e l y , 
4 . 7 . 1 . 2 Culm number 
For culm number per p l a n t a l s o , 50 x 50cm (equa l l ed by 
25 X 25cm) gave h ighes t va lue a t t h ree c u t s , whereas 75 x 75cm 
produced l e a s t culms (Table 6 2 ) . Spacing of 50 x 50cffi produced 
1 3 . 3 , 11.2 and 13.294 more culms than 75 x 75cm a t f i r s t , second 
and t h i r d cut r e s p e c t i v e l y . 
The f e r t i l i s e r t r ea tment N^00+100^45^80 P^^'^'J^^d 5.1 and 
10.19^ more culms than the t r ea tmen t ^75+75^-55^60 ^^ f i r ' s t and 
second cut r e s p e c t i v e l y , the e f f e c t being n o n - s i g n i f i c a n t a t 
t h i r d c u t . 
I n t e r a c t i o n e f f e c t was noted to be n o n - s i g n i f i c a n t a t 
f i r s t c u t , 50 X 50cm X ^^QQ+^QQ^I^^^QQ* being a t pa r with 
25 X 25cm X ^100+100^45^^* gave b e s t r e s u l t s a t second c u t , 
showing an i nc rea se of 24.9% in culm number over 
75 X 75cm X ^jc^+j^^-Kt^^fjQ* ^"t t h i r d c u t , however, 
25 X 25cm X N^00+100^45^W) ^ ^ ° ^ ^ ^ s i g n i f i c a n t maximum value for 
t h i s parameter which was 19.49^ h igher than t h a t for 
75 X 75cm X ^y^+Y^P^^^^Q' ^ "^^e other hand, 75 x 75cra X 








































































































































^ ~ s 
C 
O 
























































< } • 
fn 






























































































































































« i n 
m 
a, i n 
!> 
+ i n 

























a. i n 
o-






























in ( N 
o 
^ 

































































































































































































































































































































e q u a l l e d by 75 x 75cin X ^ i 0 0 + 1 0 0 ^ 4 ' 3 ^ ^^ t h i r d c u t , gave the 
lowes t v a l u e . 
4.7.1.3 Leaf number 
At each cut, 50 x 50cm gave critically maximum number of 
leaves per plant, followed by spacing 25 x 25cm, The optimum 
spacing (50 x 50cm) produced 11.5, 12.2 and 10.0% more leaves 
than 75 x 75cm that gave the lowest value at the respective three 
cut (Table 63). 
Among the two fertiliser levels, ^ 100+100^45^^ proved 
3.0, 2.4 and 3.19^  superior to the other treatment ^75+75^35^0 
at first, second and third cut respectively. 
Regarding the interaction effect, which was significant 
at third cut only, 50 x 50cm X N-ioO+100^45^ ^^^^ ^^^ maximum 
and 75 x 75cm X ^^^j+'j^'Pizc^f^t the minimum value. The increase 
in the optimum interaction at this cut was 13.7% over 
75 X 75cm X ^^^^^j^P^^K^-
4.7.1.4 Leaf area 
It is evident from Table 63 that spacing of 50 x 50cm 
(at par with 25 x 25cm) produced maximum leaf area; 4.1, 5.6 and 
5.7% more than the spacing 75 x 75cra (that gave the lowest value) 
at the three respective cut, 
^100+100^45^^ proved 2.9» 3.4 and 2.6% superior to 





























































































































































































































































































































































































































































































The interaction effect was significant at second cut only, 
where 50 x 50cm X ^100+100^45^80 ^^®^"S equalled by 
25 X 25cm X N^oO+100^45^^ recorded 8,4% higher value than the 
interaction 75 x 75cm X ^^^+^7^^^^^^^' ^^^'^ ^^s noted to produce 
the smallest leaves, 
4.7.1.5 Fresh weight 
Effect of spacing was noted to be significant at all cuts. 
Spacing 50 x 50cm, producing statistically equal values with that 
in 25 X 25cm at respective cut, showed 11.0, 11.8 and 11.9% more 
fresh weight than 75 x 75cm that exhibited poorest effect at 
first, second and third cut respectively (Table 64)» 
In the case of fertiliser treatment, ^ -ioo+io0^45%0 P^°ved 
superior than the combination N„J-_J_„(-P-,^ K^ Q at second cut. The 
effect was, however, non-significant at the remaining two cuts. 
4 . 7 . 1 . 6 Dry weight 
Like f r e sh weight , the va lue recorded f o r t h i s parameter 
was h i ghes t a t 50 x 50cm ( a t pa r wi th 25 x 25cm), being I 6 . I , 15.9 
and 17.2% higher a t each r e s p e c t i v e cu t than 75 x 75cm, t h a t 
produced the minimum dry ma t t e r (Table 6 4 ) . 
^100+100^45^80 3'^°^®'^ ^^ edge over the f e r t i l i s e r combination 
• r-^rry a t f i r s t c u t . The e; )5 60 
t h i r d cut proved n o n - s i g n i f i c a n t . 
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4,7.2 Leaf NPK contents 
The effect of spacing was non-signif icant for leaf-N; 
but i t was s ign i f i can t for leaf-P and leaf-K content a t a l l the 
c u t s . On the contrary, f e r t i l i s e r treatment and i t s in te rac t ion 
with spacing showed s ign i f ican t effect on leaf-N, -P and -K 
content a t most of the cuts (Table 6 5 ) . 
4.7 .2 .1 Leaf-N 
The effect of spacing a t each cut as well as tha t of 
i n t e r ac t ion a t second and th i rd cut were noted to be 
non-s ignif icant (Table 65 ) . 
Leaf-N content was maximum in N-QQ^-QQP, J^ KOQ a t each cut , 
being 8.4, 4.4 and 3.3% higher than Nyc+ycP^zcK^ a t f i r s t , second 
and th i rd cut respec t ive ly . 
The in t e rac t ion 50 x 50cm X N.„Q^,QQP, CKQQ recorded highest 
concentration of leaf-N a t f i r s t cut, 10.4% above the lowest value, 
given by 75 x 75cm X Nyc+yuP^cK^ (a t par with 25 x 25cm X 
^75+75^35^60^ ^^ t h i s cu t . 
4 .7 .2 .2 Leaf-P 
Among different spacings, each recorded c r i t i c a l l y d i s t i n c t 
va lue . The plants exhibited maximum phosphorus content in leaf 
a t 50 X 50cm a t each cu t . On the contrary, the lowest phosphorus 
content was noted in 75 x 75cra. Spacing 50 x 50cm showed an 
increase of 9 . 1 , 11.5 and 12.8% in leaf-P a t the respective three 
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A 3,6% higher concentration of phosphorus in leaf was 
observed in f e r t i l i s e r treatment N^00+100^45^80 ^^^^ ^^^ other 
combination (Nye+75^:55^0-)) a t f i r s t cut a t which i t was s ign i f i can t . 
The combination 50 x 50cm X ^yc+ycP^cK^j closely 
followed by 50 x 50cm X N^oO+100^45^ ^^ f i r s t cut and 
50 X 50cm X N^00+100^45%) (being a t par with 50 x 50cm X 
N„(-^ yc-P j^-Kx-Q) a t second cut , proved best among a l l the 
combinations, while 75 x 75cm X ^jij^we,P^^^QQ gave lowest value 
a t the two c u t s . The in te rac t ion had a non-s ignif icant effect 
on t h i s parameter a t t h i rd cu t . 
4 .7 .2 .3 Leaf-K 
The effect of various spacings, f e r t i l i s e r treatments and 
in te rac t ions on potassium content of leaf was found to be 
s ign i f i can t a t a l l the cuts (Table 65)« 
Spacing treatment of 50 x 50cm resul ted in 7.9, I6.I and 
13.2% more leaf-K a t the respective three cut than in leaves of 
p lants t ransplanted a t 75 x 75cm tha t exhibi ted the lowest va lue . 
The higher f e r t i l i s e r dose (N^oO+100^45%0^ ^^^^ ^'^* ^'^ 
and 8.5% more leaf-K than the lower level i^ji^+'jRP^^^fr)^ ^'^ f i r s t , 
second and th i rd cut r espec t ive ly . 
At each cut , 50 x 50cm X N^oO+100^45^ ^^^^ c r i t i c a l l y 
highest value for leaf-K. The lowest value was recorded in 
75 X 75cm X Nyc^ycP^cK^. The increase noted in the optimum 
171 
combination was 17.2, 19.7 and 23.1% over the poorest in te rac t ion 
a t the respective three cu t . 
4 ,7 .3 Yield and qual i ty parameters 
Among yield and qual i ty a t t r i b u t e s , herb y ie ld , e s sen t i a l 
o i l content, e s s e n t i a l o i l y ie ld , geraniol content and geraniol 
y ie ld were studied a t three c u t s . Besides, the yield data for 
the three cuts were pooled to get t o t a l annual herb, o i l and geraniol 
production. The data are b r ie f ly described in the following 
paragraphs (Table3 66-69 ) . 
4 ,7 .3 .1 Herb y ie ld a t each cut 
Like growth parameters and leaf NPK contents , herb yield 
was higher ( l 4 , l , l6oO and 12.3% more) a t spacing 50 x 50cm than 
in 75 X 75cm a t f i r s t , second and th i rd cut respec t ive ly . The 
value recorded for t h i s spacing was s t a t i s t i c a l l y d i f ferent 
from a l l others (Table 66) . 
Considering the effect of the two f e r t i l i s e r l eve l s , the 
higher dose (^^QO+I00^45%0^ showed an increase of 6,6, 5..2 and 
4.4% over N^c+ycP^c^gQ a t the respect ive three cut . 
Spacing x f e r t i l i s e r effect was s ign i f ican t only a t th i rd 
cu t , where 50 x 50cm X N^JQQ^^QQP^^KQQ produced 18.2% more herbage 
than the in te rac t ion 75 x 75cm X ^j'^^-j^^^^^^ "that recorded the 
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4.7.3.2 Pooled herb yield 
It is evident from Table 67 that among the three spacings, 
50 X 50cm produced maximum herbage on cumulative basis also. The 
plants transplanted at a spacing of 75 x 75cm showed poorest 
effect. The fertiliser treatment ^i00+100^45^80 i^^^^^sed annual 
herb production by 5.4% over Nyc+yt^P^cK^O* 
4.7.3.3 Essential oil content 
Spacing had significant effect at second and third cut 
only. 50 X 50cm, being at par with 25 x 25cm, resulted in 
maximum essential oil recovery from the herbage, 1.4, 2.5 and 
4.7% higher than the content at 75 x 75cm spacing, that showed 
least effect (Table 66) at first, second and third cut respectively. 
^100+100^45^ P^^^^ ^^^^^'' '^'^ " S+75^35^60' ^^^^"^ ^'^ 
and 4,7% higher value at first and third cut respectively, at 
which the effect was significant. 
The combination 50 x 50cm X i^ 00+100^45^80' ^ ^^ "^^ 8 
statistically equal values with some other interactions, proved 
best, whereas 75 x 75cm X Nyc+ycP^cK^O P^ "^^ ®^  "the least productive 
for this parameter at second cut. 
4.7.3.4 Essential oil yield at each cut 
The spacing 50 x 50cm (at par with 25 x 25cm at first cut) 
resulted in 15.8, 18.8 and 17.4% higher essential oil yield at 
first, second and third cut respectively when compared with 
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The o i l y ie ld was 9 .2 , 4.8 and 9.1% more in the treatment 
^100+100^45^ '^^ '^^  "^^  ^75+75^35^60 ^^ ^^ ® ^^^^ respective cu t . 
The in te rac t ion (spacing x f e r t i l i s e r ) was s igni f icant only 
a t second cut , where 50 x 50cm X N-]oo+100^45^80 ^^^ ^^ ^ ^ ^ °^^^ 
the other combinations. On the other hand, 75 x 75cm X N^^^y^P^c^^ 
showed poorest e f fec t , the per cent increase being 26,4 . 
4 .7 .3 .5 Pooled essent ia l o i l y ie ld 
For t h i s parameter, when the data were computed on annual 
b a s i s , the spacing 50 x 50cm again proved bes t , whereas 75 x 75cm 
exhibi ted l e a s t ef fec t (Table 67)« 
The f e r t i l i s e r dose N^00+100^45^80 P^°^"°®<^ 7.7% more o i l 
annually than the other treatment (Nyc+ycP^c^gQ). 
4.7.3.6 Geranlol content 
The effect of spacing, fertiliser treatment and their 
interaction was significant at first and second cut only 
(Table 68). 
Spacing of 75 x 75cm at first cut and 50 x 50cm at second 
proved optimum (giving 2,1 and 0.9% higher value than 25 x 25cm 
that resulted in the lowest geraniol content) at the two cut 
respectively. 
As for the fertiliser treatment, ^100+100^45^80 ^^^o^^^d 
4.0 and 2.1% more geraniol content than N^ c^ rrcP^ cK^ n at first and 
75+75 35 60 
second cut respec t ive ly . 
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Among the va lue s for the i n t e r a c t i o n of spacing x 
f e r t i l i s e r , 50 x 50cm X N^00+100^45^80 P^°^^^^^ h ighes t and 
75 X 75cm X N^^^^r-P^cKz-o "the lowest g e r a n i o l con ten t a t the two 
c u t s . The optimum i n t e r a c t i o n e x h i b i t e d 6.5 and 3.4% higher 
c o n t e n t of t h i s major c o n s t i t u e n t of palmarosa o i l than 
75 X 75cm X N„j-^„t.p,(-Kg^ a t f i r s t and second cu t r e s p e c t i v e l y , 
4 . 7 . 3 . 7 Geraniol y i e l d a t each cut 
I t i s e v i d e n t from Table 69, t h a t l i k e o the r y i e l d 
p a r a m e t e r s , 50 x 50cm ( a t par with 25 x 25cm a t t h i r d cu t ) proved 
b e s t as i t produced 15oO, 19.6 and 16.2% more g e r a n i o l than the 
h i g h e s t t r i e d spac ing , 75 x 75cm a t f i r s t , second and t h i r d cut 
r e s p e c t i v e l y . 
When the e f f e c t of two f e r t i l i s e r t r e a t m e n t s was taken i n t o 
accoun t , ^-i00+100^45^80* inc rea sed g e r a n i o l y i e l d by 13 .8 , 7.1 
and 10.8% over N„c+ycP:5cK^0 ^^ ^^^ r e s p e c t i v e t h r e e c u t . 
4.7.3<.8 Pooled geranio l y i e l d 
The spacing 50 x 50cm gave c r i t i c a l l y h ighes t v a l u e , l6o9% 
more than 75 x 75cm t h a t produced minimum g e r a n i o l annua l ly 
(Table 6 7 ) . 
^100+100^45^80 ^^^® 10.5% more g e r a n i o l y i e l d than 
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Discussion 
5.1 Introduction 
Medicinal herbs have been used for centuries for the 
well-being of mankind; but over-exploltatlon of their natural 
habitats poses a severe threat to the very existence of the 
Indigenous systems of medicine. Like medicinal plants, 
traditionally, India has been among the largest producers and 
exporters of certain important essential oils, including those 
extracted from various Cymbopogon spp. It is to be noted with 
concern that many other countries have caught up and even 
excelled her in both quality and export potential of these oils. 
To surmount the problem and regain her position in the 
world market, scientific cultivation of medicinal and aromatic 
plants in the field is the only dependable alternative for 
assured supply of good quality produce. Therefore, three field 
trials on Plantago ovata and four on Cymbopogon spp. were 
conducted at Aligarh (western Uttar Pradesh, India). The aim of 
the first three experiments was to determine the most suitable 
sowing date and seed r*ate and the optimum combination of N and P 
in case of Plantago ovata as these have not been established for 
the region. Whereas, for Cymbopogon spp,, transplantation during 
the monsoon was tried successfully for the first time and proved 
highly economical. In addition, determination of the optimum NPK 
combination with emphasis on split application of nitrogen. 
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comparative performance of three varieties of Cymbopogon under 
local conditions to select the better ones and the most 
appropriate spacing for each of the three varieties were the 
objectives of the four experiments on this crop. 
The biological and economic yields of a crop plant are 
the result of interaction between its genetic make-up and various 
factors constituting the prevailing agro-climate. To achieve 
the genetic limits of yielding ability of a particular variety, 
it is essential that all environmental factors, including 
available nutrients and other inputs, contributing to its growth 
and development, are kept optimum. Thus, high yield can be 
assured only when a proper combination of variety, environment 
and agronomic practices is maintained (Yoshida, 1972), 
To assess fertiliser use efficiency, it helps to maintain 
a numerical record of certain growth, yield and quality 
parameters, each related to one (or more) physiological process. 
In this respect, Gregory (1937) emphasised the following 
parameters to be studied: 
(a) the rate of production and total number of culms and 
shoot length throughout the life cycle (a direct measure of 
meristematic activity), 
(b) the rate of production of leaves (a measure of 
differentiation and photosynthetic rate), 
(c) the growth of the leaf surface (leaf area) that 
facilitates the estimation of net assimilation rate, and 
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(d) the rate of increase and final dry -weight of the 
whole plant and its organs (relative growth rate). 
He further suggested that plants, sampled at various intervals 
during growth, be analysed chemically to ascertain the amounts 
and rates of uptake of nutrients (leaf NPK contents). These have 
been further elaborated by Watson (1947a,b, 1952), Lundegardh (1951) 
and Yoshida (1972). The data of the present study are discussed 
below accordingly. 
5.2 Plantago ovata; Experiments 1-3 
Experiments 1 and 2 on isubgol were conducted in the same 
season to determine its optimum sowing date and seed rate, followed 
by Experiment 3 on its N and P requirements in the subsequent 
year. In this experiment (Experiment 3)» potassium was not applied, 
primarily because its application is not generally recommended for 
this crop (Modi et al_., 1974; Randhawa et al_., 1978, 1982; 
Kalyanasundaram et al., 1982, 1984; Singh and Virmani, 1982). 
Moreover, the soil of the experimental site was rich in this 
nutrient (Table l). 
The assessment of the performance was adjudged on the basis 
of growth parameters, leaf NPK contents and yield and quality 
parameters at different intervals of crop development. The 
parameter-wise main findings of the experimental results of these 
three trials are briefly discussed below, 
5.2.1 Growth parameters 
Plant growth is expressed by the division of cells in 
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localised regions, followed by their expansion and diffei^ntiation, 
The development of a plant usually proceeds in a most orderly 
sequence of changes leading to an irreversible increase in size 
and an alteration in form. The changes in size may be measured as 
height, number of culms, number and area of leaves, fresh weight 
and dry weight throughout the growth of the plant at one or the 
other stage of growth (Watson, 1952; Milthorpe and Moorby, 1979). 
Of these, the change in leaf area is a measure of the size 
(capacity) of assimilating system. The concomitant NAR, which is 
a powerful determinant of crop growth rate and reflects the 
efficiency of carbon assimilation and RGR, are responsible for 
the increment in dry matter production in a given time interval 
(Watson, 1947a,b; Kirby, 1969; Milthorpe and Moorby, 1979). Total 
dry matter production is the integral part of crop growth rate 
over the entire growth period. In general, increased total dry 
matter production, coupled with appropriate partitioning, results 
in the enhancement of grain yield for a given variety. These 
parame-ters and measurements are, therefore, considered suitable 
for assessing the performance of crops growing under field 
conditions (Watson, 1952). The data collected in the present 
study are considered experiment-wise below. 
Experiment 1: Sowing on 25 October produced maximum 
number of plants. The effect was at par with 15 October and 
4 November sowing (Table 5 ). Apparently, this period provided the 
conditions most conducive to seed germination and seedling growth. 
The detrimental effect of 14 December sowing on population count 
could be expected, on the other hand, due to the prevailing low 
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temperature that impairs the metabolism of the seed. Sowing on 
25 October proved optimum for most of the growth parameters at 
each of the three sampling stages, with 4 November sowing proving 
at par in some cases. Contrary to this, the last sowing 
(14 December) resulted in most adverse effect in each case. 
For most crops, the importance of an ideal period of 
sowing to ensure optimum growth and yield is well established. A 
properly selected sowing date enables the plants to attain their 
maximum growth potential (Thome, 1966; Kirby, 1969; Mehta et al., 
1976; Bandhawa et al., 1978). North Indian winter conditions 
seem to favour increased culm production in isubgol in the same 
way as noted by Kirby (1969) for wheat. Besides, variation in 
daily illumination and temperature appears to influence cell 
division in the leaf primordia and cell expansion which together 
contribute to a rapid increase in the number and size of the 
leaf (Watson, 1952; Kirby, 1969; Mllthorpe and Moorby, 1979) 
and it seems reasonable to presume that 25 October - 4 November 
period provides the right combination of light and temperature 
for this purpose. On the other hand, sowing on still earlier 
date (15 October) could not enhance these attributes at this 
pace owing to comparatively higher temperature and radiation 
prevailing during the period. As the crop is photosensitive 
(Randhawa et^ al_., 1978), a slight rise in these factors showed 
adverse effect on growth (and yield). 
In general, a decreasing trend was observed for all these 
parameters as the sowing was delayed,most probably due to low 
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temperature and curtailed light, with an abrupt fall in values 
in the last sowing. The results are in close agreement with 
earlier findings (Iyengar e_t a]^., 1968; Sirohi et aJl^ ., 1970; 
Mehta et_ al_., 1976; Randhawa et al_., 1978; Anonymous, 1984a). 
NAR and RGR decline with age independently of change in external 
factors. This observation could be attributed mainly to the 
demand of photosynthates by the sink (spikes and seeds in case 
of isubgol). In addition, increasing proportion of non-dividing 
to dividing cells, senescence, shading of lower leaves and 
decreasing photosynthetic activity of later formed leaves could 
also play some role in the lower values, as the crop matured 
(Watson, 1947a; Milthorpe and Moorby, 1979). 
Experiment 2: A gradual improvement in plant population 
with increase in seed rate upto 7.5 (equalled by 10.0) kg seeds/ha 
was noted, above which plant density showed a decline. Evidently, 
the high percentage of seed germination in this crop produced the 
largest number of juvenile plants at the highest seed rate 
(12.5 kg/ha). Table 11 reveals that, at 30d, plant density in 
this treatment was at par with that at the lowest seed rate 
(2.5 kg/ha) and was significantly less than those in the other 
treatments. Obviously, the reasons for the parity in the number 
of plants per unit area at the lowest and highest seed rates are 
different. In the former treatment, the actual number of seedlings 
was lowest right from the beginning with good chances of survival. 
On the other hand, the large number of frail seedlings intensely 
competing with each other for the limited resources, would entail 
high rates of mortality at 12.5 kg seed rate. The treatment 7.5 
181 
(equalled by 10.0) kg/ha proved best for all the growth parameters, 
Substantiating the limited findings of Randhawa et al_, (1978). 
At seed rates lower than the optimum, the plant stand was thin 
(Tablell). This led to a variety of unwanted weeds growing 
vigorously and competing with the isubgol plants between two 
successive weedings, thus, preventing the crop from achieving 
its full potential for growth and development. The closer 
spaced plants at highest tried seed rate suffered a decline in 
the values of leaf area and NAR and RGR (Tables 12-1 3 ). This 
could be attributed mainly to increased shading of lower leaves 
and competition for inputs. 
Experiment 3: Regarding the effect of nitrogen, application 
of 20 kg N/ha resulted in the production of tallest plants with 
maximum number of culms and leaves. It also proved optimum for 
leaf area, fresh and dry weight, NAR and RGR. The effect was 
at par with that of AO kg N/ha at one or the other sampling 
stage; but this could be ignored on economic grounds. The highest 
dose of nitrogen as well as the control (that recorded the least 
value in each case) were at par with each other for NAR at 60-90d 
and 90-120d duration (Table 20). 
Considering the effect of phosphorus, 10 kg P/ha gave 
highest values for all the parameters. But the effect on culm 
number at 90d and NAR and RGR at 60-90d interval was equalled by 
5 kg P/ha. 
When their combined effect was observed, N^ ^ P-m 
(equalled by N ^ x P in many cases) proved optimum for all 
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parameters. The values given by these nutrients for various 
parameters indicate that the effects were more spectacular with 
combined application compared with individual nutrients, reflecting 
strong synergistic interaction of the two (the functions of 
nitrogen and phosphorus being complimentary to one another) to 
regulate proper growth of the crop. The control (NQ X PQ ) , 
expectedly, resulted in poorest vegetative growth of the plants. 
It may be emphasised that, compared with most other crops, 
isubgol makes a moderate demand for nutrients for attaining its 
full genetic potential (Sirohi et al_., 1970; Modi et al_., 1974; 
Randhawa et al^ ., 1978, 1982; Gupta, 1982; Kalyanasundaram e_t al_., 
1982, 1984; Singh and Virmani, 1982; Anonymous, 1984a). 
In the present study, the pronounced increase in growth 
parameters due to nitrogen application may be attributed to its 
well established physiological roles in stimulation of cell 
division, cell enlargement and differentiation. The higher leaf 
and culm number may be the result either of an increased rate 
of production of the two from each growing point or by an increase 
in the number of growing points, both of which are dependent on 
nitrogen supply (Ranjan and Das, 1957). Gregory (1937) and 
Watson (1952) found that an increase in nutrient supply 
(particularly that of nitrogen) upto a certain limit enhanced 
NAR at later stages of growth. It may also be added that 
Watson (1947b) had noted earlier that nitrogenous fertilisers when 
applied with phosphate and potash caused an increase in leaf 
number and area and NAR in barley, wheat and mangold. The well 
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known function of phosphorus in promoting culm production and plant 
development (Tamhane et^  al_«» 1970) is confirmed by the present 
data. 
Finally, it may be reiterated here that, like the effect 
of sowing date and seed rate, information on the growth response 
of isubgol to fertiliser application, is meagre, particularly 
with regard to such important parameters as dry matter production, 
leaf area, NAR and RGR, that contribute most to the final economic 
yield. Therefore,the findings of the present investigation 
furnish valuable new information about the growth behaviour of 
isubgol under various regimes of N and P and at selected sowing 
dates and seed rates. 
5.2.2 Leaf NPK contents 
Leaf analysis is considered as an important index for 
determining the mineral nutrient status of the soil as well as 
an indication of their requirement by the plant. Leaf nutrient 
status has been claimed to be correlated with vegetative 
(and reproductive) growth of crop plants (Lundegardh, 1951). 
Keeping this in view, leaf NPK estimation was carried out in the 
present investigation to study the effect of sowing date, seed 
rate and basally applied nitrogen and phosphorus on N, P and K 
contents of leaves at the three growth stages. 
In the study on sowing date (Experiment 1), 25 October 
sowing, equalled by 15 October and 4 November sowings, proved 
optimum for leaf-N, -P and -K content (Table 8 ) . The plants 
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raised by sowing on 14 December possessed the lowest levels of 
these nutrients at all stages of sampling inspite of poor growth 
that would be expected otherwise to exhibit an opposite effect 
to the well known 'dilution with growth effect'. 
In Experiment 2, 7.5 and 10.0 kg seeds/ha resulted in 
maximum leaf-N and -K content while the effect on leaf-P was 
non-significant. Increase in seed rate above 10.0 kg/ha exhibited 
a decrease in leaf nutrient contents (Table 14), As discussed 
earlier (Section 5o2.1, pp. 180-181), the intense competition 
among a very large number of weak seedlings at 12.5 kg seed rate 
for the limited supply of nutrients and other resources, could 
culminate in a high rate of mortality of seedlings after they had 
removed considerable quantities of nutrients from the soil. This 
would deprive the surviving plants from accumulating sufficient 
amounts of NPK inspite of a lower population as noted at the 30d 
stage (Table 11), 
On the other hand, the competition between isubgol plants 
themselves for the limited nutrients at the two lowest seed rates 
would not be so severe due to low population count from the 
beginning. Another type of intei^plant competition was observed 
here. Notably, the number of weeds was much higher at these seed 
rates possibly due to comparatively thin plant stand. These 
could have removed large quantities of NPK by the time the first 
weeding was undertaken at 30d. 
In general, the concentrations of leaf-N, -P and -K at 
60, 90 and 120d stage were significantly affected by the application 
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of nitrogen and phosphorus to the soil (Experiment 3). Among 
nitrogen doses, 20kg N/haproved optimum. On the other hand, N, P 
and K contents in leaves increased appreciably upto 10 kg P/ha 
which gave good results for all three nutrients at most stages. 
Taking into consideration the interaction effects, it was 
observed that, generally, the combination N^Q ^  -^JQ ^^^ ^° ^^^ 
maximum accumulation of the three nutrients (Table 21). 
In the present study, leaf-N was found to increase 
appreciably due to nitrogen application, irrespective of the dose 
of phorphorus. These results are in conformity with those of 
Lundegardh (1951) and Grunes and Krantz (1958). The changes in 
leaf-P content due to the application of various N and P combination, 
were of little magnitude. The combined application of N and P 
upto the optimum level resulted in enhanced vegetative growth 
and leaf-N, -P and -K content, possibly due to a better balance 
between the two essential nutrients. 
Among the three nutrients estimated in leaves, the 
concentration of potassium was highest. It may be due to greater 
solubility and permeation rate and easy availability of this 
nutrient, probably favoured by the rich K-status of the soil 
(Table l). The present data confirm the findings of Mengel and 
Kirkby (1982), reporting higher uptake of K than that of N or P 
in various crops. A decrease in the concentration of all three 
nutrients was noted in the leaf with the increase in age of the 
crop. It is an established fact that nutrients attain highest 
concentration in plants during early stages of development which 
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declines towards maturity. This situation arises due to an 
exponential increase in growth (weight and volume) of plants. 
As a result, even high quantities of nutrients appear to be less 
when expressed on per unit basis (Lundegardh, 1951; Anonymous, 
1984b), This decrease might be due to continuous transfer of 
these nutrients to the developing spikes and seeds (sink). 
It may be pointed out that detailed studies on the effect 
of sowing date, seed rate or combined application of nitrogen and 
phosphorus on leaf NPK contents in. isubgol have not been undertaken 
so far. In a sowing date trial, Bajpai et al,*ii(*1978) noted 
maximum N uptake (P not being estimated) when the crop was sown 
on 15 October. Similarly in trials, on the effect of applied N 
only, on the uptake of this nutrient, Bajpai ejt al_. (1978), 
Gupta (1982) and Kalyanasundararo et^  al^ . (1982) noted an increase 
in total uptake of N in response to applied nitrogen upto a 
maximum of 45 kg N/ha. In the light of this, the results of the 
present study on leaf-N, -P and -K content may be 
considered as a useful addition to the available literature on 
isubgol, 
5.2,3 Yield parameters 
Yield is the final culmination of several complex integrated 
morphological and physiological responses of a crop to various 
environmental factors that set the course of plant differentiation, 
growth and development. Hence, the yield of a crop can be enhanced 
by optimising these traits. It may be kept in mind that very 
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often one parameter is increased at the cost of another (Thome, 
1966; Yoshida, 1972). Of the factors affecting yield potential 
of a crop, sowing date and seed rate are prominent. Besides, 
the availability and pix)per balance of mineral nutrients 
determine seed yield due to their function as constituents of 
organic compounds, enzyme activators, osmoregulators etc. 
(Marschner,1986). Among various nutrients, the importance of 
nitrogen, phosphorus and potassium has already been emphasised 
(Section 2.3.3, PP. 15-19). 
In Experiment 1, all yield parameters (spike number and 
length, flower number and seed yield) were significantly enhanced 
by sowing date (Tables 9-10). Sowing on 25 October proved 
optimum for these yield parameters, the effect being at par with 
that of 4 November sowing in many cases. On the contrary, 
14 December sowing registered minimum value, its effect being at 
par with that of 4 December sowing at one or the other sampling 
stage. Presumably, among the seven sowing dates selected, the 
most favourable conditions were provided by sowing between 
25 October and 4 November and the most adverse around 4 December -
14 December. This applies to germination, seedling growth and 
life span. 
This explanation is supported by the highest plant 
population being noted in 25 October and 4 November sowings. 
Randhawa et_ al_, (1978, 1982) and Gupta (1982), working under 
almost similar (North Indian) climate of Punjab and New Delhi 
respectively, also found that the end of October to first week 
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of November is the optimum sowing time for the crop, whereas 
late sowing (December) drastically affected its yielding ability. 
As the 25 October (and 4 November) sowing proved optimum for most 
other parameters as well, as discussed earlier, the maximum seed 
yield in these dates would be expected as a result of the 
cumulative contribution of best vegetative growth, nutrient 
utilisation and yield attributes (Tables 5-9). 
A proper balance between the vegetative and reproductive 
phases of a crop plant is responsible for the production of 
optimum yield (Thome, 1966; Kirby, 1969). Both these phases afe 
influenced by environmental conditions. It is interesting to 
note that a gradual decrease in the total crop growth period 
(vegetative phase) as well as in the reproductive period 
(reproductive phase) occurred as the sowing date was advanced. 
Higher seed yields in early sowings may be accounted for by the 
longer growth period (green area duration) that consequently 
maximised such important yield attributes as number of spikes 
and flowers (Table 9 ) . Kirby (1969) concluded the greater 
response to nitrogen by the crop. The same has also been 
demonstrated in controlled environmental conditions by 
Yoshida (1972). On the other hand, the falling NAR and RGR with 
time and comparatively quicker growth rate and more rapid developmei 
of the later sown crop led it to mature with poor yield response 
(Yoshida, 1972; Milthorpe and Moorby, 1979). Late sowing 
(December) provided a shorter period for inflorescence 
differentiation and development and also resulted in most of the 
post-flowering period to coincide with relatively high temperature, 
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inducing forced maturity. This resulted in immature drying and 
shedding of seeds and, thus, a poor harvest. Very early sowing 
(15 October) reduced the germination rate and a poor population 
of the plants was recorded, with a reduction in the values of 
yield attributes and seed yield. 
In a comparative trial on triticale and wheat, Larter et^  al. 
(1971) concluded that sowing time had a far greater impact on seed 
yield than even seed rate. A similar effect of sowing date on 
yield attributes and seed yield of isubgol was noted by 
Singh et_ a^ ,^ (1955), Iyengar et al^ . (1968), Sirohi et a^ .^ (1970), 
Mehta et^  al. (1976), Pendse et al. (1976), f^ndhawa et_ al. (1978), 
Bajpai et al_. (1978) and Gupta (1982). Furthermore, the highest 
seed yield in response to the optimum sowing date can also be 
expected on the basis of its strong correlations with growth 
parameters (including NAR and RGR), leaf NPK contents and yield 
parameters (Table 70). 
In Experiment 2, out of the five seed rates, the values 
obtained for most yield parameters were found to be low at both 
the maximum and minimum seed rates i.e. 12.5 and 2.5 kg/ha 
respectively. Seeding at 7.5 kg/ha proved optimum for yield 
parameters as well as seed yield (Tables 15-16). All seed rates, 
starting from 5.0 kg/ha upto 12.5 k.g/ha gave at par values for 
yield of seeds in this experiment. As is clear from Table 11, 
seed rates higher than 2.5 kg/ha (except 12.5 kg/ha) provided an 
ideal plant stand capable of maximum utilisation of the environmental 
factors. Presumably, this balanced the competition among and 
Table 70. Correlation coefficient (r) of various parameters with seed yield of 
Plantago ovata in Experiment 1 (number of observations -21 ) 
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within the plants. The observed increase in seed yield with 
increasing seed rates upto 10.0 kg/ha may be attributed to the 
larger number of culms and spikes (Tables 11 and 15). It may be 
emphasised that, according to Yoshida (1972), negative correlations 
exist between yield and its components beyond a certain plant 
density, tending the yield to become constant under a given set 
of conditions. This would probably explain the equal effect of 
seed rates from 5.0 to 12.5 kg/ha on grain yield noted above. 
On the contrary, at the seed rate of 2.5 kg/ha, the stand was so 
thin that number of spikes per unit area was 22.0%' less than at 
the optimum treatment (7.5 kg seeds/ha) at harvest. Naturally, 
inspite of good vegetative growth of individual plants due to 
less competition, yield was much lower than the optimum. On 
economic considerations,7.5 kg seeds/ha appeared to be the optimum 
seed rate. 
These data corroborate the findings on isubgol of Vachhani 
(1943), Singh et al^ . (1955), Sirohi et al^ . (1970), Modi et a]^. 
(1974), Mehta et al_. (1976), Pendse et a^ .. (1976), Randhawa et_ al^ . 
(1978), Gupta (1982), Singh and Virmani (1982) and Anonymous (1984a) 
In this experiment, seed yield was positively and significantly 
correlated with leaf area and leaf-N at the three stages in 
addition to NAR and RGR at 90-120d interval (Table 71). 
In Experiment 3, almost all yield parameters were 
substantially increased due to individual as well as combined 
application of nitrogen and phosphorus. Among the four basal 
nitrogen and phosphorus doses, treatment N^^ (at par with N, for 
Table 7 1 . C o r r e l a t i o n c o e f f i c i e n t ( r ) of v a r i o u s paramete rs with seed y i e l d of 
P l a n t a ^ o ovata in Experiment 2 (number of o b s e r v a t i o n s - l ? ) 
Paramete rs Days a f t e r sowing C o r r e l a t i o n c o e f f i c i e n t ( r ) 
Growth pa ramete r s 
60 0.65*» 
P l a n t l e n g t h 90 N . 3 . 
120 N.S . 
60 N.S . 
Culm number 90 N.S . 
120 N .S . 
50 N.S. 
Leaf number 90 N.S. 
Net assimilation rate 
120 0.51 * 
.# 
60 0.57* 
Leaf area 90 0.61* 
120 0.54 
60 N.S. 
Fresh weight 90 N.S. 
120 N.S. 
60 N.S . 
Dry weight 90 N.S . 
120 N.S . 
60-90 N.S . 
90-120 O . ' ^ * * 
R e l a t i v e growth r a t e ^-_'^io o'.U** 
Leaf NPK c o n t e n t s 
60 0 . 6 5 * * 
Leaf-N 90 0 . 6 0 * 
120 0 . 5 8 * 
60 N.S . 
Leaf-P 90 N.S . 
120 N.S . 
60 N .S . 
Leaf-K 90 0 . 5 1 * 
120 0 .66** 
Yield pa ramete r s 
90 N.S . 
Spike number 120 N.S . 
h a r v e s t N.S . 
90 N.S. 
Spike length 120 N.S. 
harvest N.S. 
90 N.S. 
Flower number 120 N.S. 
harvest 0.55* 
H e c t o - l i t r e weight h a r v e s t - 0 . 5 8 * 
' s i g n i f i c a n t a t 59^; S i g n i f i c a n t a t 1%; N.S . » N o n - s i g n i f i c a n t 
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spike number and spike length at all the stages) and P, , alone, 
and in combination, proved optimum for yield parameters (including 
seed yield). 
The favourable effect of these two nutrients on yield 
parameters might have been a manifestation of the contribution 
of nitrogen and phosphorus in the proper development of the plants. 
The optimum interaction gave maximum seed yield through its 
beneficial effect on most growth parameters, including NAR and RGR, 
leaf NPK contents and yield attributes (Thome, 1966; Yoshida,1972). 
The values of correlation coefficients were found to be 
very strongly (P = 0.01) positive in each case (Table 72). These 
studies lead to a finding of considerable practical importance. 
The order of correlation of leaf NPK with yield at all the stages 
was N > P > K. Therefore, particularly N content in leaves, at 
early stages may be utilised for predicting seed yield in this 
crop. Besides, such nutrient analysis could reliably be employed 
to correct deficiencies of these nutrients so as to ensure high 
productivity either by employing top dressing or foliar spray 
techniques (Wittwer and Bukovac, 1969; Afridi and Wasiuddin, 1979). 
It was also noted that spike and flower number showed strong 
correlations with seed yield, for which, their contribution is 
obvious and well established. Lastly, it may be added that 
correlations of such important physiological parameters as leaf 
area, NAR and RGR, leaf NPK contents and yield attributes, in 
isubgol particularly, have been established for the first time 
in the present investigation. 
Table 7 2 , C o r r e l a t i o n c o e f f i c i e n t ( r ) of v a r i o u s pa rame te r s with seed y i e l d of 
P l a n t a s o ovata in Experiment 3 (number of o b s e r v a t i o n s - 4 8 ) 
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According to Watson (1952) and Yoshida (1972), in cereal 
crops, nearly half of the dry weight increase after spike emergence, 
is the result of photosynthesis in the spikes themselves. Such 
observations have also been reported in soybean by Thome (1979) 
and in lentil and moong by Akhtar (1985) and Ansari (1986). In 
the present study, correlations of spike length with seed yield 
appears to indicate that photosynthesis in the spikes might have 
helped in filling the seeds possibly by utilising fully the 
mineral nutrients translocated from the leaves as discussed earlier 
under leaf NPK contents (Section 5.2.2, pp«183 -186). This 
beneficial effect of the two nutrients is in agreement with the 
work of other scientists who reported their positive effect, when 
applied individually or in combination on yield parameters of 
isubgol (Joshi et al., 1968; Sirohi et. al^ ., 1970; Modi et_ a]^., 197A; 
Pendse et^  al., 1976; Randhawa e^ al^ ., 1978, 1982; Bajpai £t al^ ., 
1978; Gupta, 1982; Kalyanasundaram et al_., 1982, 1984; Singh and 
Vinnani, 1982; Anonymous, 1984a). 
5.2.4 Quality parameters 
For efficacious results, the quality of a drug is the most 
important factor. Obviously, it is determined mainly by the 
composition and content of the active ingredients of the drug. 
In isubgol, the seed and its husk are used in medicine. The 
soothing properties of isubgol seeds are ascribed to the large 
proportion (nearly 30%) of the hydrophilic colloidal mucilage 
contained in the seed coat and the term 'swelling factor' is 
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employed for the determination of its content (Singh and Virmani, 
1982). The moisture content of seeds which depends upon inorganic 
nutrition, water supply, prevailing weather conditions and nature 
of the plant, is important for metabolism and other vital processes 
of seeds. When burnt, plants and plant parts reveal the presence 
of ash elements constituting about 5% of the dry matter. It varies 
from plant to plant, depending on their inorganic nutrient 
requirements as well as capacity for accumulation. 
As in the case of growth parameters, leaf NPK contents and 
yield parameters discussed above, 25 October sowing in Experiment 1 
and 7.5 kg seeds (at par with 10.0 kg seeds/ha in each case) in 
Experiment 2, proved optimum for swelling factor, moisture content, 
ash content and seed protein content (Tables 10 and 15). In the 
same way, for hecto-litre weight, although seemingly a reverse 
trend was noted i.e. 14 December sowing and 12.5 kg seeds/ha 
recorded maximum values, in actual fact, 25 October sowing and 
7.5 kg seeds/ha proved optimum, as low (and not high) value of 
hecto-litre weight is preferable. In Experiment 3, N^Q and P.^ 
proved best for hecto-litre weight as it gave the lowest value, 
indicating heaviest seeds. Among interactions, N„Q X P^Q 
(and N ^ x P.Q) produced heavier seeds than the other combinations 
of the two nutrients. For swelling factor of seeds, Np^ ^ and Pc 
individually and the control I^Q x ?„, followed by N-^ x P.^, gave 
the highest values. Ash, moisture and protein content were 
maximum in N^Q (equalled by N ^ ) . P.^ proved optimum for moisture 
content but was at par with P^. P-Q also proved best for protein 
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content. In general, N_Q ^  P-IQ ^ ^^ \ o ^ ^10 ^^ '^ ^^ '^^  equal 
effects) produced best results (Table 23). It is inferred 
that sowing on 25 October and seeding at the rate of 7.5 kg/ha not 
only enhanced the production of dry matter but also the 
translocation of photosynthates to seeds during the grain filling 
period, thereby giving maximum values for each of these parameters. 
Conversely, the last sowing and the highest tried seed rate, in 
general, seem to have affected these processes adversely and, as 
a consequence, deteriorated the seed quality. 
The production of heavier seeds (i.e. with low hecto-litre 
weight) in optimum treatments in these experiments seems to be due 
to optimal cultural inputs and nutritional balance and better 
growth and yield attributes of the plant recorded. It is also 
because of longer maturity period leading to an adequate 
accumulation of photosynthates in the seeds. This is confirmed by 
correlation coefficients wherein, a negative correlation exists 
between hecto-litre weight and seed yield in each case 
(Tables 70-72). 
In the present study, the values noted for swelling factor 
and the seed contents of ash and moisture were found in accordance 
with the standards of the Indian Pharmaceutical Codex (Anonymous, 
1953) and the Indian Pharmacopoeia (Anonymous, 1955). In the 
present study, swelling factor tended to decrease with an increase 
in the nitrogen level above N_Q (Table 23). An inverse relationship 
exists between carbohydrate accumulation in seeds and N application 
in some crops. In isubgol, where carbohydrate (mucilage) content 
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decides the quality, supplying N at low level is desirable 
(Kalyanasundaram e_t al_., 1982). Such beneficial effect of 
nutrients on swelling factor, ash and moisture contents of 
isubgol have also been reported by Joshl e_t al_. (1968) and 
Pendse £t al. (1976). 
Isubgol seeds are rich in protein content (17-19%) and 
are also used as cattle feed. Seed kernels are mixed with the 
seeds of guar (Cyamopsis tetragonoloba L.) for feeding cattle. 
Desai et^  al_. (1980) analysed the nutritive value of isubgol 
by-products and concluded that it is suitable for animal feeding. 
The variation in protein content under different regimes of 
nitrogen and phosphorus can be understood by the following analysis. 
The higher NPK status in leaves in N^Q ^  P^Q combination might 
have been responsible for the enhanced synthesis of protein 
during seed setting. Nitrogen, being a part of protein molecules, 
is reported to trigger off the conversion of various organic acids 
produced from carbohydrates during respiration into amino acids 
(Devlin and Witham, 1986). In addition, phosphorus is known to 
provide energy in the form of ATP for protein synthesis 
(Hewitt, 1963; Bidwell, 1979; Salisbury and Ross, I986). As a 
result, the protein content in seeds was noted to be highest in 
treatment N x P . Bajpai et^  al_. (1978) and Kalyanasundaram e_t al. 
(1982) found that N application invariably enhanced the total 
uptake of nitrogen by the whole plant of isubgol which was 
reflected in higher seed nitrogen, thereby, giving an indirect 
indication of the increase in seed protein content. It may be of 
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interest to add that the seed protein content in the present study-
was in the same range as obtained by Patel e_t_ al. (1981) and as 
reported by Singh and Virmani (1982), 
The effect of sowing date, seed rate and the combined 
application of nitrogen and phosphorus on seed quality of isubgol 
have not been studied in such details so far. The present findings 
are, therefore, new addition to the literature in this regard. The 
seeds produced in the present investigation at Aligarh,compared 
favourably with those produced in Gujarat, the native state for 
this crop, as far as their yield and quality are concerned. 
5,3 Cymbopogon sp£»: Experiments 4-7 
The experiments conducted on the three varieties of 
Cymbopogon were planned with the following ob^ctives: 
(1) to establish the optimum NPK combination for each 
variety, simultaneously determining the comparative efficacy of 
nitrogen application in two or three splits (Experiments 4 and 6) 
and, 
(2) to work out the optimum spacing for £. flexuosus and 
£. pendulus (Experiment 5) and for C, martinii in relation to 
applied NPK doses (Experiment 7). 
The effect of nutrient combinations, mode of nitrogen 
application and of spacings on the growth, NPK composition of 
leaf and yield and quality attributes of £. flexuosus var. OD-19, 
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C, pendulus var. RRL-16 and C, martlnll var. motia was studied 
at three cuts. In addition, annual yield data were computed. 
For the sake of convenience, the results of the four field trials 
are discussed together under suitable headings in the paragraphs 
that follow. 
5.3.1 Growth parameters 
All the varieties responded significantly to various 
nutrient treatments and spacings as far as their growth was 
concerned. It may be recalled that, in an earlier study on 
Cymbopogon flexuosus undertaken at Aligarh in which 
transplantation was done in March/April, combined application of 
N, P and K was found superior to that of individual nutrient , with 
2^50'^ 55^ 100 Si"^ ^^ S "the best results (Varshney, 1983). Moreover, 
the soil of the experimental site was medium in ^ potassium and 
relatively poor with respect to nitrogen and phosphorus (Table 1), 
Therefore, the first experiment was designed selecting three 
varieties of Cymbopogon and six basal NPK combinations based on 
economic considerations. Nitrogen was given twice, except in 
the control. That is to say that no nitrogen was applied before 
third cut, Inspite of this, the results at third cut were slightly 
better than those at first and second cut. Keeping this in view, 
another trial (Experiment 5) was laid-out to compare the effect of 
two splits of nitrogen with three splits. The same three varieties 
were taken and selected NPK combinations applied. 
In Experiment 4, the effect of NPK application was linear 
upto N-]00+100^45^80 '^^ ^^ '^  gave highest value for shoot length. 
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culm number, leaf number, leaf area, fresh weight and dry weight 
per plant (Tables 24-29). Treatment ^75+75^35^50' followed by 
^125+125^55^100* P^°v^^ ^^^ "®^ '*^  best. It may be pointed out 
that the lowest fertiliser dose (^-^^25^15^20^ resulted in 
poorest growth. Surprisingly, the control i.e. ^250^55^00 P^ °"^ ®^  
at par with it at one or the other cut. Cymbopogon is a long 
duration perennial herbage crop that could give economic cuts 
for years (Chandra, 1972; Virmani eit al^ ., 1977a,b); but its 
sustained growth would require fertiliser application at proper 
stages. The comparatively high requirement of, and good response 
to, fertilisers, particularly when applied nitrogen was given in 
more than one split is, thus, understandable. 
Among varieties, £. martinii exhibited best growth, 
followed by C, pendulus and £, flexuosus in that order. For leaf 
area, £. flexuosus proved the best. Such varietal differences are 
well known in other crops also and can be attributed to their 
genetic variation. These may presumably arise from differences 
in the efficiency of absorption and utilisation of the nutrients 
(and water) from the soil as well as better ability to make use 
of other environmental factors. In addition, the higher dry 
matter accumulation in £• martinii seems due largely to the 
maximum number of culms and leaves it possessed, that resulted in 
higher synthesis of assimilates (Tables 25-26). 
Among the interactions, N.^^^^^^P, CKQ^^ X £. martinii proved 
optimum for most of the parameters. It seems clear from these 
data as well as those of Experiment 6, that £. martinii was 
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potentially the most prolific of the three varieties and the 
split application of 200 kg N/ha in two equal instalm'ents together 
with the basal dose of 45 kg P and 80 kg K/ha provided the most 
balanced NPK combination for its growth. This explanation is in 
consonance with other publications on the NPK requirement of 
members of most other crops in general and Graminae (Poaceae) in 
particular. The data on the leaf NPK contents (Section 5.3.2, 
pp. 202-206) also justify this assumption. 
Top dressing with nitrogen has been established to be 
essential for healthy growth of tropical crops. A report from 
the Japan Urea Centre (Anonymous, 1971) indicates that nearly 50;*^  
of the applied nitrogen is lost in hot and humid climate. This 
would explain the poor results obtained by the basal application 
of even 250 kg N/ha (control) at transplantation observed in 
Experiment 4. The good results obtained at third cut (even without 
application of nitrogen after second cut) may apparently look 
paradoxical. The soil would be expected to be depleted of its 
nitrogen less rapidly during the dormancy period of the crop 
i.e. the winter preceding the short-lived spring when fresh leaves 
and culms start coming out than in the hot and humid rainy 
season. Infact, in this trial, the data obtained by regular 
analysis of the soil for its nutrient content just before 
transplantation as well as after each cut (Appendix I) substantiate 
this view. The nitrogen status of the soil of the experimental 
plot was as follows: before transplantation - 176,8, after I 
cut - 182.5, after II cut - 245.1 and after III cut - 232.0 kg 
N/ha, meaning thereby that the amount of available residual 
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nitrogen in the soil was about the same after each cut 
irrespective of the application (or otherwise) of fertiliser 
nitrogen. 
The data of Experiment 5, in which an additional split of 
nitrogen was applied after second cut (Tables 47-52) further 
support this contention as the effect of third split was not 
markedly different from the treatments comprising the same 
quantity of the nutrient given in two splits (Tables 2-3)« 
Further analysis of the results reveals that (in the 
presence of sufficient nitrogen) matching levels of phosphate 
and potash were necessary for growth and development of this crop. 
The better response of growth at the optimum NPK levels thus 
confirms the views of Lundegardh (1951) who maintained that 
whereas high N supply may cause a better surface development in 
leaves, the intensity of assimilation per unit leaf surface would 
depend on substantially high P and K supply referred to as 
•intensity of assimilation', which explains the superiority of 
N^ r^^ u.^ ^^ P/cK„^  over the other combinations of NPK, Similar 100+10U q-p 80 
beneficial effect of balanced NPK combinations on general growth 
behaviour and development of some varieties of Cymbopogon has 
been noted by Chandra (1972), Ghosh and Chatterjee (1976a,b, 1978), 
Chatterjee and Ghosh (1977), Gupta et_ al^ . (1978), Pareek et_ al^ . 
(1981a), Prakasa Rao et_ al. (1983), Varshney (1983), Varshney e_t a_l. 
(1983) and Maheshwari e_t al. (1984). 
An analysis of the data of Experiment 5 on spacing exhibited 
that 50 X 50cm generally proved best for growth parameters of 
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C. flexuosus and £. pendulus, although it was equalled by 
25 X 25cm at some of the cuts (Tables 39-41). On comparing the 
performance of the two varieties, £• pendulus showed better 
response in general. When significant, the interaction effect 
was optimum in 50 x 50cm X £, pendulus. In Experiment 7 on 
£. martinii, also a spacing of 50 x 50cm (equalled by 25 x 25cm) 
proved best for most g-rowth attributes at each of the three cuts. 
The highest tried spacing 75 x 75cm resulted in lowest value in 
both experiments. Among the treatments, ^ loo+IOO^AS^SO ^^ ^^ I'^ sd in 
higher values for the growth attributes confirming the results of 
Experiment 4. 
It may thus be concluded that for optimum growth performance 
of all the three varieties of Cymbopogon tried, a spacing of 
50 X 50cm proved significantly superior, probably because of 
better harvesting of solar energy and available nutrients by the 
plants. True, that 25 5C 25cm spacing had at par effect with 
50 X 50cm on most parameters in Experiment 7 and on some in 
Experiment 5» the former spacing resulted in a dense stand and 
thereby, weeding and other cultural operations were difficult 
to undertake. On the other hand, the wider spacing (75 x 75cm) 
gave rise to the vigorous growth of unwanted weeds competing with 
the plants. The literature concerning growth behaviour of 
Cymbopogon in relation to spacing is wanting, although Rajeswara Rao 
and Singh (1982) and Prakasa Rao e_t al_. (1983) have reported a 
favourable growth response to spacing in other aromatic plants, 
namely Chrysanthemum cinerariifolium and Artemisia pallens 
respectively. 
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5.3.2 Leaf NPK contents 
Various applied nutrient levels had a positive and linear 
effect on the concentration of nitrogen, phosphorus and potassium 
in the foliage of all the three varieties of Cymbopogon. The 
results of Experiment 4 on nutrient requirement and their mode 
of application revealed that the leaf-N, -P and -K content 
increased appreciably upto N^oO+100^45^ (Tables 30-32). The 
effect was at par with Ny^ .^y^ P,cK^ O ^°^ leaf-N at third cut and 
for leaf-K at all the three cuts. Further increase in the 
quantity of applied NPK did not improve their contents in the 
leaf. The lowest value of leaf-N, -P and -K were noted in the 
control (^250^55^100^ ^^ which nitrogen was applied only at 
transplantation. It may be recalled that most of the growth 
parameters were also affected optimally by N^QQ^^QQP,CKQQ( and to 
some extent by ^^c^+^c^P^^^m^ ^^ noted above (Tables 24-29 )• This 
suggests a close relationship between leaf nutrient status and 
growth on the lines emphasised by Lundegardh (1951). The first 
cut gave the highest value for the three elements. The values 
of the subsequent cuts showed a gradual decline in leaf-P and 
leaf-K. However, leaf-N showed an improvement at second cut 
before declining at the last cut. 
The data of Experiment 6 reveal some noteworthy trends. 
For example, leaf-N content (Table 53 at first and second cut for 
each individual treatment were almost equal. This could be expected 
as the amount of nitrogen applied at transplantation and first 
split was the same in both cases for each treatment. Taking 
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comparable pairs of treatments (equal amounts of total nitrogen 
applied) into consideration, leaf-N values for two splits were 
higher than those for three splits at first and second cut. This 
was perhaps because the crop received higher quantities of applied 
nitrogen at each of these cuts in the former (two splits) than in 
the latter (three splits) practice. For instance, comparing the 
first two columns in Table 53, at first cut, treatment ^50+50^25^40 
provided 50 kg N/ha,while only 33 kg N/ha was obtained from 
^•^^•i-^^+T^L^o'j^hO* "^^^ same applies to second cut. This also 
explains the reverse trend noted at third cut. Whereas, in 
treatments containing two splits (e,g, NCQ+CQPOCK/Q), the crop 
had to subsist by absorbing only the residual nitrogen between 
second and third cut, in the case of three splits 
(e.g. N,,+ 33+3AP25K^)» "that provided equivalent quantity of total 
nitrogen to the crop (100 kg), the third split of applied nitrogen 
was readily available for absorption and utilisation by the plants. 
The main observation about leaf-P and -K content 
(Tables 54-55) was a gradual decline in their values for each 
treatment from the first cut to third. This would be expected 
as Cymbopogon is a long duration crop and these two nutrients 
were applied only at transplantation. This also confirmed the 
results of the earlier trial conducted (Experiment 4) where no 
nitrogen was given after second cut. 
In both Experiments 4 and 6, £. martinll exhibited maximum 
leaf-N, -P and -K content inspite of excellent growth which confirm 
its remarkable capacity for absorption of these nutrients. 
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£ . flexuosus contained minimum leaf-N and £ . pendulus minimum 
lea f -P and -K. Such differences in v a r i e t a l performance are 
v/ell-documented and have been reviewed in recent years (Langer, 
1966; Yoshida, 1972; Marschner, 1986). Regarding in te rac t ion 
e f f e c t s , N^00+100^45^80 ^ - ' '"^^"^^"^^ proved best for t h i s 
parameter. In Experiment 5, on the other hand, the trend of 
v a r i e t a l response was C, mar t in i i > C, pendulus > £ . flexuosus for 
each nu t r i en t level a t each cut and ^100+100^45^80 ^ -* '"^^^^^^ 
(equalled and/or followed by ^57+57+55^*45^%0 ^ - ' E££^iliii) ^^^ 
the optimum i n t e r a c t i o n . 
Such an increase in leaf nu t r i en t contents with the 
appl ica t ion of balanced NPK f e r t i l i s e r s i s of wide occurrence in 
many plants and has been highl ighted by Gregory (1937) and 
o 
Lundegardh (1951). In the grass family to which Cymbopogon 
belongs, Rajan and Das (1957) — barley; Grunes and Krantz (1958)-
Oats; Das (1959, 1961), Langer (1966), Mehrotra and Lehri (1967) 
and Safaya (1971) — barley and other cereals and grasses, 
have obtained similar results. The data of Munsi and Mukherjee 
(1982), Prakasa Rao et_ a2^ . (1983, 1985a), Varshney (1983), 
Samiullah et al_. (1984), Yadav (1984) and Yadav et al_. (1985a) on 
Java citronella,lemongrass or palmarosa also confirm the present 
findings. A relationship between applied NPK levels and leaf-N, 
-P and -K content in Jammu lemongrass has been established for 
the first time by the present author. 
The early stages in development of most plants are known 
to exhibit rapid accumulation of nutrients in the tissues. The 
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rate of uptake increases further as the root system expands. Since 
growth of the plant is a continuous process where new primordia 
go on appearing and getting transformed into leaves and culms, 
particularly in herbage crops, like Cymbopogon, the requirement 
of nutrients for further growth and maintenance also tends to 
increase. Therefore, the rate of growth and development is, 
generally, proportional to the rate of uptake which depends upon 
the external levels of applied nutrients (Gregory, 1937). The 
concentration of leaf-K was noted to surpass that of -N and -P 
in this crop also, confirming the findings with Plantago ovata 
discussed earlier (Section 5.2.2, pp. 138-186). Grunes (1959) 
found that the effect of nitrogen on the absorption of P (and K) 
is indirect as it increases the growth of the tops. The addition 
of N may affect plant metabolism by enhancing the efficiency of 
unit area of root surface to absorb them. 
In Experiments 5 and 7, a spacing of 50 x 50cm generally 
proved optimum for the leaf concentration of each of the three 
nutrients, apparently due to better growth response of the crop 
at this spacing noted and discussed earlier ( Section 5.3.1, pp. 
170-201). As for the varietal response, Table 42 indicates 
that £. pendulus accumulated maximum N content, whereas 
£. flexuosus possessed the maximum leaf-P and -K content at each 
of the three cuts (Experiment 5). In Experiment 7, the fertiliser 
combination N-)00+100^45%) SLgain surpassed N p K ^ at most 
cuts for each nutrient (Table 42), broadly confirming the data 
of Experiments 4 and 6 discussed on pp. 202-205. Yadav (1984) 
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and yadav et^ al_. (l985Q)also noted s imi lar higher N recoveries 
in Java c i t rone l l a and palmarosa from applied f e r t i l i s e r s by-
modifying crop-geometries (spacing) and ra tes and timings of 
N-application. 
5.3 .3 Yield and quality parameters 
Analysis of the data ind ica tes t ha t appl ica t ion of NPK 
resu l ted in a s ign i f i can t enhancement in herb yie ld as well as 
in the content and yields of e s sen t i a l o i l and c i t r a l / g e r a n i o l a t 
each cut , A s imi lar e f fec t was recorded when the data for these 
three yield a t t r i b u t e s were pooled on yearly b a s i s . 
In Experiment 4, yields of herb, e s s e n t i a l o i l and c i t r a l / 
geraniol were increased subs tan t i a l ly upto N^QQ^^QQP, CKQQ separately 
a t individual cut and in pooled data . The effect of N-^Q^^^QP, cKgQ 
was a t par with tha t of Nyc+ycP^K^Q a t each cu t . On the contrary, 
the e s sen t i a l o i l content was highest in NCQ^CQPPCK,Q a t f i r s t and 
th i rd cut (being a t par with Nyc^-otrP^cK^ a t t h i r d cut) and in 
^100+100^45^ ^^ second cut (Table 3 5 ) , The other qual i ty 
parameter, c i t r a l / g e r a n i o l content , was maximum in Nyc+ycP^cK^ 
a t each cut (Table 3 7 ) . The control (^250^55^100^ * °^ ^^^ other 
hand, gave the lowest value for each of these parameters, confirming 
the undesirabili"ty of appl ica t ion of ni trogen in one s p l i t . I t 
i s noteworthy tha t o i l content in optimum treatment (N^QQ^^QQP, cKg^) 
was s l i g h t l y l ess than in ^I^Q+^Q^P^'^UO °^ ^75+75^^'^^60* '^^^^ could 
be due to ' d i l u t ion e f f e c t ' as N^„„^^^„P, cK_,^  resu l ted in maximum 
100+100 45 80 
herbage production (Tables 33-34 ) and, therefore , in reduced o i l 
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content.This is clear from the values for oil yield which on 
computation was found to be amply compensated by the higher herb 
yield obtained at each cut as wel]. as cumulatively (Tables 36 and 
34 ), The same seems to explain the highest computed value of 
citral/geraniol yield in treatment N-,QQ^.-,QQP, cKg^ (Tables 38 and 
34 ). £. martinii > £, pendulus > £, flexuosus was the order 
of response of the varieties, except for oil content, where 
C, pendulus exchanged its position with C, flexuosus. Upon 
computation, £. pendulus gave more oil yield than G. flexuosus 
because of higher herb yield. 
Further analysis revealed that herb yield in £. flexuosus 
and £. martinii was strongly correlated (P=0.01) with all growth 
attributes as well as with leaf-N, -P and -K content at all cuts 
(Table 73). In C, pendulus, leaf number, fresh weight and dry 
weight did not seem to contribute towards herb yield. Almost a 
similar picture of correlations emerged for essential oil and 
citral/geraniol yields (Tables 74-75 ). Additional strong 
associations of herb yield and oil content were observed with the 
former and, of these two attributes, oil yield and citral/geraniol 
content, with the latter. 
Among interactions, ^ .^_^. ^^ P, c i ^ x £. martinii gave best 
results but for oil content for which the interaction 
^75+75^35^60 ^ —• martinii proved optimum. On the other hand, 
mostly ^250^55^00 ^ -* flexuosus or ^^50^55^100 ^ -* PQ'^ "^!"^  
(at par with ^25+25^^'^^?0 ^ —' ^^^^^Q^us at one or the other 
cut) gave minimum values for these yield and quality attributes. 
Table 73. Correlation coefficient (r) of various parameters with 
herb yield of three varieties of Cymbopogon in 
Experiment 4 (number of observations-18) 
Correlation coefficient (r) 
trOil a u i e i,fc!i s 
Growth p a r a m e t e r s 
Shoo t l e n g t h 
Culm number 
Leaf number 
Leaf a r e a 
F r e s h w e i g h t 
Dry we ight 
Leaf NPK c o n t e n t s 
Leaf-N 





I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
C. f l e x u o s u s 
• » * 
0.88^^^, 
0 . 8 9 # » 
0 . 8 9 
* * 





0 . 8 0 
• • 
0 . 8 3 » » 
0 . 8 3 # » 
0 . 8 2 
0.60^n^ 
0.76^^^^ 
0 . 8 8 
0 . 8 4 » » 
0.76^^^^ 
0 . 8 0 
» « 
0 . 8 3 » » 
0.81^^^^ 
0 . 9 3 
• • 
0.94*^^ 
0 . 8 9 » » 
0 . 9 4 
• • 
0 . 8 7 » # 
0.88^^^^ 
0 . 9 3 
C. p e n d u l u s 
# # 
0.78^^^^ 
0 . 8 3 » » 
0 . 8 4 
• » 
0 . 6 2 » 
0 . 5 3 » » 
0 . 6 4 
N . 3 . 
N . S . « 
0 . 5 2 
» • 
0 . 9 2 » * 
0.96^^^, 
0 . 9 7 
N . S . 
N . S . 
N . S . 
N . S . 
N . S . 
N . S . 
** 
0 .81 »^ 
0 . 9 2 » » 
0 . 9 0 
# # 
0 . 8 7 » » 
0 . 9 0 # » 
0 . 8 9 
• « 
0 . 8 9 
N.S.^^j 
0 . 9 4 
C. m a r t i n i i 
» » 
0 . 7 4 » » 
0 . 8 2 » ^ 
0 . 8 0 
* * 
0 . 9 0 » # 
0 . 8 6 » » 
0 . 8 7 
** 
0 . 7 7 # » 
0 . 8 0 » » 
0 .81 
^ • * 
0.67»^^ 
0.75»^» 
0 . 7 8 
0 .75*^, 
0.66^^^^ 
0 . 7 9 
0.82^^^^ 
0 . 7 3 « , 
0 . 8 0 
# * 
0 . 8 9 » » 
0.94^^^^ 
0 . 9 0 
• • 
0 . 9 3 « » 
0 . 9 0 » » 
0 . 9 5 
* » 
0 . 9 3 » » 
0 . 8 5 » » 
0 . 8 6 
## 
Signif icant a t 5%; Signif icant a t 1%; N.S. = Non-significant 
Table 74, Correlat ion coeff ic ient (r) of various parameters with 




Shoot l eng th 
Culm number 
Leaf number 
Leaf a rea 
Fresh weight 
Dry weight 




Herb y i e l d 




I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
(number of observa t 
C o r r e l a t i o n 























































0 . 7 3 * * 
0 .88** 














m a r t i n i i 
0 .55 i» 
































## Signif icant a t 3%; S ignif icant a t 1%; N.S. « Non-significant 
Table 75• Correlat ion coeff ic ient (r) of various parameters with c i t r a l / g e r a n i o l yield 
of three v a r i e t i e s of ^ymbopogon in Experiment h (number of observations-IB) 
Parameters Cut 
Correlation coefficient (r) 



















I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
11 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 























































































































Significant at 5%; Significant at 1^; N.S. Non-significant 
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In Experiment 6, N^00-^100^45^80 ^^^ ^^"^ ^^^^ ^ 67-^ 67-^ 56^ 45^ 80^  
resulted in maximum herbage production per hectare at each cut 
as also on pooled basis (Tables 56-57). For all other parameters, 
7^5-^ 75^ 35^ 60 (^ ^^ H^^ d by ^^^Q^^QP-^^^eo^ Proved best 
(Tables 57-61 ). In this trial also, C, martinii showed highest 
response, followed by C, pendulus* When interaction effect was 
taken into account, generally, -^100+-100^ 45^ 80 ^ -* '"^ "^'^ ^^ ^^  ^ "^^  P^^ 
with ^67+57+66^45^80 ^ -' martinii) excelled the other interactions. 
On the other hand, N^Q^^QPJ^K^ X C. flexuosus or ^^^^^^+^i^P2^^kO "" 
£, flexuosus exhibited lowest effect. When associations of 
herb yield were worked out, £. flexuosus showed it to be strongly 
correlated with shoot length, leaf area, fresh weight, dry weight 
and leaf-N; although, strangely, culm number tended to decrease the 
yield. In £, pendulus, culm number, leaf area, fresh weight and 
dry weight and in £. martinii, all growth parameters contributed 
most significantly towards herb yield (Table 79). Leaf-N, -P and 
-K content also showed strong correlation with herb yield in both 
these varieties. In variety C, flexuosus, shoot length, leaf 
number, leaf area, fresh weight, dry weight, leaf-N, herb yield and 
oil content showed strong positive correlation towards essential 
oil yield (Table 80) and, in addition, oil yield and citral content 
seemed to contribute towards citral production (Table 81 ), In 
£, pendulus, oil yield was strongly correlated only with shoot 
length, leaf area, leaf-N and oil content whereas these attributes 
and citral content significantly contributed towards citral 
yield. Leaf number showed a strange negative association with 
both yields. For C, martinii, all relevant attributes were found 
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to contribute highly significantly towards oil and geraniol yields. 
It is noteworthy that the data of various physiomorphological 
attributes and leaf NPK contents in these trials had established 
by and large the superiority of treatment N^oO+l00^45^80 "^^ ^ variety 
C, martinii separately and in combination. Out of the two citral-
yielding varieties, C. pendulus performed better than C, flexuosus. 
A close similarity between the patterns of nutrient accumulation 
and essential oil content is confirmed by the present investigation. 
Citral/geraniol, being mono terpenoids, the observed increase in 
their contents and computed yields might be due to the roles of 
these nutrients in several physiological and biochemical events 
leading to the synthesis of essential oil via carbohydrate and 
other metabolisms. Experiments with labelled precursors ( C glucose 
have shown that it can be converted to monoterpenes via acetate 
mevalonate pathway in which phosphorus played a role in the 
synthetic reactions through ATP (Hess, 1981). 
It is evident from these trials that £. martinii was well 
suited to the agro-climate of western Uttar Pradesh, where it has 
been tested for the first time and also showed promise for 
improvement in response to better cultural practices. It is 
heartening to note that, citral and geraniol contents, which are 
the quality criteria both in perfumery and in pharmaceutical 
industry, were within the specifications of Indian Standards 
Institution (ISI). These findings are in conformity with those of 
other workers on different varieties of Cymbopogon, including the 
three varieties selected by the author. These include Chandra (1972) 
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Ghosh and Chatterjee (1976a,b), Chatterjee and Ghosh (1977), 
Hazarika and Bora (1977), Samra et_ al^ . (1977), Singh ejt a^. (1977), 
Virmani et. ad. (1977a,b), Gupta et_ al^ . (1978), Hazarika et al_. (1978), 
Nair e^ al. (1979), Sharma e^ aa. (1980), Pareek et al^ . (1981a), 
Munsi and Mukherjee (1982), Pareek et_ al^ . (1983), Varshney (1983), 
Varshney et_ al_. (1983), Maheshwari £t al_. (198A), Prakasa Rao 
et al. (1985a,b) and Yadav et_ al^ . (1985a). Of these, Chandra (1972), 
Chatterjee and Ghosh (1977) and H8,zarika et^  al. (1978) noted 
that fertiliser combinations with higher doses of nitrogen and 
medium phosphorus and potassium proved beneficial for citral/ 
geraniol production in lemongrass, palmarosa and Java citronella. 
The results of Experiments 5 and 7 showed that a spacing 
of 50 X 50cm (followed by or at par with 25 x 25cm at one or 
the other cut) produced highest value for these parameters. In 
Experiment 5, variety C. pendulus excelled £. flexuosus, except 
for oil content for which a reverse trend was noted (Table 43). 
The interaction 50 x 50cm X C, pendulus (or 25 ^ 25cm X £, pendulus), 
resulted in maximum production of herbage, oil and citral 
(Tables 43-46). The main contributing characteristics for herb 
yield (Table 76) were culm number, leaf number, fresh weight, dry 
weight and leaf-N, -P and -K content (P=0.01). In addition, 
herb yield and essential oil content contributed to oil yield 
(Table 77). For citral yield, the picture was enlarged by oil 
yield and citral content, also showing strong correlation 
(Table 78). 
Table 76. Correlation coefficient (r) of various parameters with 
herb yield of two varieties of Cymbopogon in 
Experiment 5 (number of observations-9) 
Parameters Cut 
Correlation coefficient (r) 














I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 









0.96** 0.98 * * 
N.S. N.S. 
N.S. N.S. 
N.S. 0.78 * 
0.67* 0.93** 
0.93** 0.98** 













Signif icant a t 3%; S ignif icant a t 1%; N.S. = Non-significant 
Table 77. Correlation coefficient (r) of various parameters with 




Shoot l eng th 
Culm number 
Leaf number 
Leaf a rea 
Fresh weight 
Dry weight 




Herb y i e l d 





I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
e r of o b s e r v a t i o n s - 9 ) 
C o r r e l a t i o n c o e f f i c i e n t ( r ) 




































































• • Signif icant a t 5%; Signif icant a t 1%; N.S. = Non-significant 
Table 78. Correlat ion coeff ic ient ( r ) of various parameters with c i t r a l yield of 
two v a r i e t i e s of Cymbopogon in Experiment 5 (number of observations-9) 
Parameters Cut 
Correlat ion coeff ic ient (r) 















C i t r a l content 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
















































































Signif icant a t 5%; Signif icant a t ^%; N.S. = Non-significant 
Correlation coefficient (r^ 
Parameters 
Growth parameters 













I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
C, f lexuosus 
0 .80** 
0 .75** 
0 . 7 1 * * 
- 0 . 5 0 * 
- 0 . 6 0 * * 
- 0 . 6 7 * * 
N.S. 
































0 . 6 1 * * 
0 .82** 










































Significant at 5%; Significant at 1%; N.S. = Non-significant 
Table 80. Correlation coefficient (r) of various parameters 
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I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
II 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
6 (number of observations-18) 
Correlat ion 









































































































Significant at 5%; Significant at 1%; N.S. = Non-significant 
Table 81. Correlation coefficient (i-) of various parameters with citral/geraniol 
yield of three varieties of Cymbopogon in Experiment 5 (number of 
observations-18) 
Correlation coefficient (r) 
Parameters Cut 







































































































-O.kl* 0.95 • # 
0.71** 0.98** 
0.75** 0.95** 




























Significant at 5%; Significant at 1%; N.S. = Non-significant 
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In Experiment 7, the fertiliser combination N-ioo+100^ 4S^ RO 
gave significantly higher values (Tables 56-69). Although, the 
interaction effect (spacing x NPK treatment) was not significantly-
expressed in the production of herbage, oil and geraniol at most 
of the cuts, the interaction 50 x 50cm X ^ -ioo+100^ /4^ 5^ RD ^^^ found 
to be effective for parameters like, herb and oil yields at second 
cut and geraniol content at first and second cut (Tables 55and 68), 
Correlation studies regarding the three yield attributes (Table82) 
showed strong association of herb yield with all growth parameters 
and leaf NPK contents (except leaf-N at first and second cut). 
For oil yield, these parameters as well as herb yield and oil 
content were found to contribute significantly (Table 83). 
Similarly, geraniol yield showed strong association with oil yield 
and genariol content in addition to the above mentioned contributing 
attributes ('mble 84). 
The trend of variation in production under different spacings 
may be explained on the basis of growth and development patterns 
of plants under discussion. Spacing at 50 x 50cm encouraged 
individual plant development which was finally reflected in yield 
components. Of course, at 75 x 75cm spacing, the available 
quantities of nutrients per plant might have been slightly more; 
but the much lower number of plants per unit area could not match 
the level of production obtained at 50 x 50cm. In this respect, 
Cymbopogon appears to behave like many other crops,where yield 
is principally dependent to a large extent upon vegetative growth 
under conditions of plant competition. From the point of view 
of quality also, 50 x 50cm spacing treatment was found to be the 
best. It seems that, at this spacing, peak metabolic activities 
Table 82, Correlation coeff ic ient ( r ) of various parameters 
with herb yield of _G, mar t in i ! in Experiment 7 
(number of observations-18) 










































I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
Table 83. Correlation coeff ic ient ( r ) of various parameters 
with o i l yield of £, mar t in i i in Experiment 7 
(number of observations-18) 

















































I I I I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
I 
I I 
I I I 
Signif icant a t 5%; Signif icant a t 1%; N.S. = Non-significant 
Table 8A. Correlation coeff ic ient ( r ) of various parameters with geraniol yield 
of £ . mar t ln i l in Experiment 7 (number of observations-18) 
Parameters Cut Correlation coeff ic ient (r) 
Growth parameters 
I 0.89** 
3hoot length I I 0.87** 
I I I 0.87** 
I 0.84** 
Culm number I I 0.88** 
I I I 0.76** 
I 0.83** 
Leaf number I I 0.96** 
I I I 0.88#« 
I 0.76** 
Leaf area I I 0.85** 
I I I 0.92** 
I 0.67** 
Fresh weight I I 0.87** 
I I I 0.77** 
I 0.70** 
Dry weight I I 0.85** 
I I I 0.77** 
Leaf NPK contents 
I 0.69** 
Leaf-N II 0.48* 
I I I 0.61** 
I 0.62** 
Leaf-P I I 0.85** 
I I I 0.53* 
I 0.97** 
Leaf-K II 0 .91** 
I I I 0 .91** 
I 0.93** 








I I I 0.94 
I 0.82** 
I I 0.60** 
I I I 0.89 »» 
I 0.96** 
I I 0.99** 
I I I 0.96** 
I 0.48* 
Geraniol content I I 0.57* 
I I I N.S. 
Signif icant a t 5%; Signif icant a t 1%; N.S. = Non-significant 
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of the plants were achieved. 
Similar studies on the effect of spacing on yield and 
quality parameters of aromatic plants have been conducted by 
Samra et al. (1977), Ghosh and Chatterjee (1978), Hazarika et al. 
(1981), Pareek et_ al. (1983), Prakasa Rao et a^. (1985b) and 
Randhawa and Mahey (1985) on Cymbopogon spp., Rajeswara Rao and 
Singh (1982) on Chrysanthemum spp. and Yadav ejt al_. (1985b)on 
Mentha spp, Prakasa Rao et_ al^ . (1985b) observed that high herb 
and oil yields of palmarosa can be obtained using 45 x 30cm plant 
spacing. They also noticed that geraniol content decreased at 
wider spacing. Besides, the recommendations of CoI.M.A.Po, 
I.C.A.R. and R.R.Ls. also include spacing the plants at 50 x 50cm 
for profitable cultivation of Cymbopogon (Virmani e_t al_., 1977a,b; 
Anonymous, 1984a). 
To conclude, these trials indicate that the production of 
Cymbopogon oil can be enhanced and its quality improved by 
giving appropriate combined NPK doses and providing an ideal plant 
spacing. The study has established the superiority of top dressing 
of nitrogen over traditional application of its full dose at 
transplantation. These trials also indicate that monsoon 
transplantation is much more economical than that previously 
adopted (March/April) at Aligarh by Varshney (1983) and elsewhere 
as this would result in a saving both on irrigation and fertiliser. 
It may also be noted that the yield and essential oil content and 
quality obtained by the present author compare well with those 
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reported from other Cymbopogon-producing s t a t e s of the country 
and l a s t l y tha t the information on corre la t ions between various 
parameters of Cymbopogon spp. has been presented for the f i r s t 
time * 
CHAPTER 6 
S U M Z ^ I A R Y 
Summaj:*y 
The significance of and. justification for selecting the 
research problem " Cultivation of Plantago ovata and Cymbopogon 
spp. with special reference to mineral nutrition" has been 
briefly considered. In view of the importance and scope of 
research on medicinal and aromatic plants, in general and those 
selected for the study, in particular, seven field experiments 
(three on Plantago ovata and four on Cymbopogon spp.) were 
proposed to be undertaken (Chapter 1). 
The brief history of (i) cultivation of medicinal and 
aromatic plants,and (ii) of NPK fertilisers and their physiological 
roles in growth, development and yield of plants have been mentioned. 
Besides, an exhaustive and critical review pertaining to the 
problem, with special reference to Plantago ovata and Cymbopogon spp, 
cultivation under Indian conditions, has been included. The 
review revealed that the available information on the cultural 
practices of the two plants was meagre and that the lacunae could 
be filled only by conducting systematic field trials on 
scientific lines on these plants for their economic cultivation 
(Chapter 2), 
The details of the materials and methods employed for the 
seven experiments have been described in Chapter 3, 
The data, mostly found significant on statistical analysis 
at P=0,05 according to the design of each experiment, have been 
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considered in detail in Chapter 4 and are summarised 
experiment-wise below. 
Experiment 1 (1983-84) was conducted according to a 
simple randomised block design on Plantago ovata during the 
'rabi' (winter) season. The aim of the trial was to select 
the best out of seven sowing dates (15 October, 25 October, 
4 November, 14 November, 24 November, 4 December and 14 December) 
for its successful and economical cultivation. 
The assessment of the performance of the crop was based 
on growth parameters viz. plant length, culm and leaf number, 
leaf area, fresh and dry weight, net assimilation rate and 
relative growth rate and leaf NPK contents at 60, 90 and 120d. 
The data on yield parameters, namely spike number, spike length 
and flower number at 90 and 120d and at harvest and on seed yield 
and quality parameters viz. hecto-litre weight, swelling factor, 
moisture, ash and protein content, were recorded at harvest. 
In addition, population density was noted at 30d stage. 
Sowing the crop on 25 October (at par with 4 November at 
one or the other sampling stage) proved optimum for growth 
parameters and leaf NPK contents at all three stages and for NAR 
and RGR at both selected intervals. This sowing date resulted in 
highest number of plants/sq m (population density) and also for 
the optimum values for yield and quality parameters. The values 
of correlation coefficients (at P=0.01) confirm the involvement 
of growth attributes, leaf NPK and other yield parameters in the 
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seed yield. The last sowing (14 December) produced minimum value 
for all the parameters and the maximum value for hecto-litre weight 
that means seeds with lowest weight. A gradual decline in the 
values was noted with the delay in all sowings after 25 October. 
Experiment 2 (1983-84) on Flantago ovata was conducted 
simultaneously with Experiment 1 following simple randomised 
block design during the 'rabi' season. In this field trial, the 
effect of 5 seed rates viz. 2.5, 5.0, 7.5, 10.0 and 12.5 kg/ha, 
was observed on the parameters selected in Experiment 1 so as to 
determine the optimum seed rate for this crop under local conditions 
The effect of seed rate on various growth, yield and quality 
parameters was found significant (except the leaf number at 60d, 
RGR at 50-90d interval and leaf-P content at the three sampling 
stages). Plant population progressively increased upto 7.5 kg 
seeds/ha. Seeding at the rate of 7.5 kg/ha, being at par with 
10.0 kg/ha, produced maximum value for various growth parameters 
and leaf-N and -K content. For yield and quality parameters also, 
the same seed rate proved optimum which was further confirmed by 
correlation studies. For hecto-litre weight, the highest tried 
seed rate (12.5 kg seeds/ha) resulted in maximum value which 
implies that this treatment resulted in the production of lightest 
seeds. Thus, seed rate 12.5 kg/ha, equalled by 2,5 kg/ha, 
generally, showed adverse effect on most of the parameters studied. 
Experiment 3 (1984-85) was performed on Flantago ovata 
in a factorial randomised lay-out during the 'rabi' season after 
the optimum sowing date (Experiment 1) and seed rate (Experiment 2) 
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had been worked out. The aim of the experiment was to investigate 
the optimum basal dose out of four levels each of nitrogen (O, 20, 
40 and 60 kg N/ha) and phosphorus (O, 5, 10 and 15 kg P/ha), 
applied in all possible combinations, on growth and yield 
parameters and the quality of seeds. The parameters studied and 
the stages selected for sampling were the same as in Experiments 
1 and 2. 
Among various fertility levels, N^Q and P-.Q individually 
as well as in combination, proved best for almost all the 
parameters. The interaction N^Q X P^Q (equalled by N ^ x P^^) 
had the best effect on most of the parameters studied. Seed 
yield was found positively and significantly correlated (at P=0.01) 
with all growth and yield parameters and leaf NPK contents and 
(for obvious reason) negatively correlated with hecto-litre weight. 
On the contrary, N^ x P exhibited the poorest effect at most 
of the stages. 
Experiment 4 (1984-85) was laid-out in rainy season on 
three varieties of Cymbopogon, namely £. flexuosus var, OD-19, 
£. pendulus var. RRL-15 and £, martinii var. motia. In this 
factorial randomised block design experiment, six NPK combinations 
viz. ^25+25^15 ^Q* ^50+50^25^40' ^ 75+75^35^0' ^ 100+100^45^' 
^125+125^55^00 ^^^ ^ 250^55^00 (^ °"'t^ ol)» were selected with an 
aim to establish the optimum NPK dose for each of the three 
varieties and also to test the efficacy of supplemental top dressing 
with nitrogen comparing the performance of the crop with the 
control receiving 250 kg N/ha in one split at transplantation. The 
218 
plants were sampled in the following October ( f i r s t cut) and 
December (second cut) and in April of the next year ( th i rd cut) 
to study the growth parameters (shoot length, culm and leaf 
number, leaf area, fresh and dry weight), leaf NPK contents and 
y ie ld and qual i ty parameters (herb y ie ld , e s sen t i a l o i l content 
and yie ld and c i t r a l / g e r a n i o l content and y i e l d ) . Besides, the 
yield data of the three cuts were pooled to compute t o t a l annual 
production of herb, o i l and c i t r a l / g e r a n i o l . 
Data revealed tha t the effect of NPK combinations, 
v a r i e t i e s and NPK x var ie ty 
in te rac t ions was s ign i f i can t for a l l parameters a t each cut as well 
as cumulatively. Generally, NPK combinations showed a l i nea r 
pos i t ive effect upto N^oO+100^45^^0 '^°^ ^'^^ parameters. On 
computation a l so , the same treatment proved best for the three 
yie ld a t t r i b u t e s . On an average, ^25+25^15^0 "^ ^^  growth 
parameters and NPCQPCCK-QQ (cont ro l ) for leaf NPK contents and 
y ie ld and qual i ty parameters reg is te red lowest va lues . Among 
v a r i e t i e s , _C. mar t in i i , followed by £ . pendulus and £, flexuosus 
in tha t order, showed maximum response a t each cut , Regarding 
in t e rac t ion e f fec t , ^ioo+100^45%D ^ -* ^^^'^^^^^ proved best 
for a l l the parameters studied a t individual cut and cumulatively. 
Mostly, N25o%5K^no ^ -* ^^exuosus and/or ^25+25^15^0 ^ -* ^^s^"°^^^ 
regis tered lowest value . 
Experiment 5 (1984-85), a f ac to r i a l randomised f i e ld t r i a l , 
was conducted with C, flexuosus var , OD-19 and C, pendulus var . 
ftRL-l6 t ransplanted a t three spacings (25 x 25cm, 50 x 50cm and 
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75 X 75cm). The aim of this field trial was to study the effect 
of spacings on growth, yield and quality parameters following 
the pattern of Experiment 4 for sampling. 
The effect of spacing, varietal response and the 
interaction effect were significant for most parameters. Spacing 
at 50 X 50cm proved optimum for almost all physio-morphological 
parameters as well as the yield and quality attributes. Spacing 
at 75 X 75cm gave least value for all parameters. _C. pendulus, 
generally, exhibited more luxuriant growth and gave better yields 
than £. flexuosus. The best over-all interaction was 50 x 50cm X 
£. pendulus and the poorest, 75 x 75cm X £, flexuosus , 
Experiment 6 (1985-86) was also performed according to a 
factorial randomised block design with three basal NPK combinations 
viz. 100, 150 or 200 kg N, 25, 35 or 45 kg P and 40, 60 or 80 kg 
K/ha, selected on the basis of the data of Experiment 4. The 
experiment was designed to study the comparative efficacy of two 
against three splits of nitrogen with regard to growth, yield 
and quality parameters of £. flexuosus var, OD-19, C. pendulus var. 
RRL-16 and £. martinii var. motia. Thus, in all^ there were 6 
treatments i.e. three NPK combinations, each with two methods of 
nitrogen application (2 or 3 splits) and three varieties. The 
parameters studied and the time of the three cuts taken were 
similar to those of Experiments 4 and 5. 
A significant effect due to treatments, varieties and 
T x V interactions was recorded for all parameters at all cuts. 
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Among treatments, N^^+y^P^^K^Q (being a t par with ^50+50+50^35^60^ 
proved best for shoot length, fresh weight, dry weight, leaf -P , 
leaf-K and almost a l l y ie ld and qual i ty parameters. However, 
^100+100^*45^ (equalled by \j^^j^^e^i,c^^) Proved superior for 
culm number, leaf number, leaf area , leaf-N and herb y ie ld . On 
the contrary, %o+50^25^40 ^°^ ^" ^°'"® cases, ^^3+33+54*^25^40^ 
had the poorest e f f ec t . G, mar t in i i > C, pendulus > G. flexuosus 
was the order in which the three v a r i e t i e s responded with regard 
to d i f ferent parameters. The in t e rac t ion N^oo+100^45^ ^ -* ""^ ^^ "'•^  
(equalled by ^7+57+66^45^80 ^ -* IH^£H£ii) ^^^ adjudged the best 
for almost a l l the parameters. In cont ras t , ^^00+100^45^^ ^ 
C. flexuosus (equalled by ^57+57+66^45^80 ^ - ' flexuosus) gave 
lowest values for shoot length, culm number, leaf number, l ea f -P , 
leaf-K and e s sen t i a l o i l content . When such important a t t r i b u t e s 
as leaf area , fresh weight, dry weight and yie lds of herb, o i l 
and c i t r a l were considered, ^50+50^25^40 ^ -* flexuosus (equalled 
by ^55+5^+^4^25^40 ^ —* flexuosus) gave lowest va lue . 
Experiment 7 (1985-86) was performed according to f ac to r i a l 
radomised block design on C, mar t in i i var . motia simultaneously 
with Experiment 6. Three spacings (25 x 25cm, 50 x 50cm and 
75 X 75cm) and two f e r t i l i s e r doses (^75+75^55^60 ^^'^ 
^100+100^45^W)^ were selected to study t h e i r effect on growth, 
yield and qual i ty parameters. The number and time of cuts and 
the parameters s tudied were the same as in e a r l i e r experiments. 
Spacing the p lants a t 50 x 50cm proved optimum and 75 x 75cm 
the l e a s t effect ive for a l l parameters s tudied, including pooled 
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y i e l d s . Similar ly, treatment N^oo+100^45^ proved b e t t e r than 
Nr,c^r,cP-,^K^^. The S X T in te rac t ion was found s ign i f ican t for 0+ n 55 bO 
culm number, l ea f -P , leaf-K, herb yield a t th i rd cut , o i l content 
and yield a t second cut and geraniol content a t f i r s t and second 
cu t , with 50 X 50cra X N^00+100^45^80 giving best r e su l t s and 
75 X 75cm X Ny5+ycP3cK^» "the poores t . Analysis of pooled data 
revealed that 50 x 50cm X N^oo+100^45^ ^ ^ ^^^ ^^^^ combination 
for annual herb y ie ld . 
Correlation coeff ic ients ( r ) were worked out between the 
relevant parameters and yields in each of the four experiments 
and the s ign i f i can t contr ibut ion of various factors towards f inal 
yields was determined. 
The main findings have been discussed in the l i g h t of 
e a r l i e r work undertaken in the au thor ' s laboratory and elsewhere 
in Chapter 5 v^ich i s followed by the present chapter (Summary) 
and an up-to-date b ib i l iography. 
Out of the data presented in t h i s t h e s i s , the following 
r e s u l t s may be claimed as new contr ibut ions to the knowledge of 
cu l t iva t ion , growth, development, yield and/or qua l i ty of 
Plantago ovata and Cymbopogon spp. j 
I Plantago ovata : 
1 . Isubgol showed excel lent perfoi'Tnance in the agro-climate of 
western U.P, 
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2. Sowing the crop on 25 October, seeding at the rate of 7.5 l^/ha 
and applying 20 kg N/ha (N2Q) and 10 kg P/ha (P>,Q), singly 
and in combination (N2Q x P-^Q)» enhanced growth and yield 
parameters, seed quality, NAR, RGR and leaf-N, -P and -K 
content (leaf NPK) and proved optimum for the cultivation of 
this crop at Aligarh. 
3. Growth parameters, NAR, HGR, leaf NPK and yield parameters 
showed strong correlation with seed yield. 
4. The present study has considerable commercial importance for 
augmenting yield and quality of seeds of this important foreign 
exchange earner. 
II Cymbopogon spp. : 
5. The data of the four experiments on the three aromatic herbs 
confirmed the earlier report from our lab that the agro-
climate of Aligarh is well suited for the mass cultivation of 
£. flexuosus. In addition, it was established for the first 
time that _C. pendulus and £. martinii surpassed it in the 
yields of herb, essential oil as well as citral/geraniol. 
6. On the basis of positive response of growth parameters, leaf 
NPK and yield and quality parameters, it was concluded that 
^100+100^45 ^ %0 '^^ ^ ^^^ optimum fertiliser dose for successful 
and economical cultivation of the three varieties. Thus, top 
dressing with nitrogen proved beneficial. 
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7. Spacing at 50 x 50cm was found to be optimum for better growth 
performance, accumulation of leaf NPK and herb, essential oil 
and citral/geraniol yields, Incidently, it also facilitated 
weeding, 
8. Like P. ovata, growth parameters and leaf NPK could be used 
for predicting final yields as they were found to be positively 
and significantly correlated with the yield and quality 
parameters of all three varieties of Cymbopogon. Such studies 
have been undertaken for the first time for these two crops, 
9. The results are so convincing that fanners of the region may 
be encouraged to take up cultivation of Plantago ovata and 
Cymbopogon spp, on commercial lines. The latter has also been 
found to endure high degree of sodicity and salinity in the 
author's experiments not included in this thesis. As western U,P. 
. abounds in marginal and 'usar' lands and distilleries for 
menthol are abundant, this proposition is expected to be 
readily welcomed by farmers. 
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